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PART i of AzrTuNBrICE, 


Ter. 1. Of che ſeveral Parts 4 
Notation or Art of expreſſing Numbers by and to 
read their Values. 
What is Arithmetich? | | 
P. M. Arithmetick is a Great Word, Dag g Art or recs, th 
teaches che Uſe and Properties = Ms: | 


Pong ned du roper Charafiters, and ee them 
o denote ers, to 
by Words, Which is 4 Nt | 


F. How muny are the Nin of Notation ? 


meſeuſual are Literal and Figural, 

P. Whut'is Literal Notation T4 
. The exprefling Numbers by Letters, * is therefore led Literal, and 
which was anciently made uſe af by the Helfer or Mr Chaldeang, Syrians, 
abianr, Perfims, and others of the Ealtern Nations. e Greeks alſo 
Nuntbers by divers of their -alphabetical Letters, and initial Capital Letters of 
ſome of their numeral Words, as, II T1, Five; & Aica, ad E * 
ne K Xie, a Thouſand; Lale 4% Ten Thouſand. 

P. Pray whdt Wel Lone Letters ed naw for Notation ? 

M. Divers of the Rate Capitts; 3 which Method, tis very — 
te ati firſt took from the Greets, as is very evident from the initial Letters 
of ſeveral of their numeral Words, as follows, vis. The Capital C, which is the 
rings the Latin Word for an Hundred, i is now uſed 2 

'an 0 
F. But pray hoe ir half an Hundred expreſſed * 
NM. By the ny L. 
P. Pray why'is half an Hundred by an L? 

M. You mult eiſtand, that the r ital C was thus 
rieten L; und EY Kan fed an Hundred, therefore” rhe Ancients 
half a Hundred by Part of it, as thus . ward emu e Ca- 
— L. — Priaters take the INT. acnote a Hundred by that 


* 1 
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If, There ure many Kinde Not by wh Quan v bt th 25 
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2 I NUMERATION. 
PF. I thank you, 3 3 . OO 

M. I will. The Capital Letter D, which is the initial Letter of Decem (the 
Latin for Ten), was anciently uſed by the Latins to denote Ten; and one Half 
thereof, as thus D, did alſo denote Five. Now as this half Letter hath more of the 
Likencſs of the Capital V, than of any other Capital, therefore Printers and others 
have uſed the V (inſtead of the half Letter J) for Five; and to denote Ten, in- 
Read of uſing the Capital D, as the Ancients did, they joined together two Vs at 
eit narrow Ends, the one upright, the other downright, in Manner of the Capi- 
tal Letter X, which now is uſed to denote Ten. 

Again, as Mille is Latin for a Thouſand, therefore the Ancients uſed the Capi · 
tal M to denote a Thouſand, as it is now uſed at this Day; and as the old Cha- 
racter of the Capital M was this , whoſe right-hand Side being like unto the 
Capital D, therefore Printers, c. denote five 18 by the Capital D. You 
are alſo to note, That, as this ancient M em had ſome Reſemblance of the Letter 
I, placed between two Cs, of which one is turned the wrong Way, as thus CIg, 
therefore thoſe Letters are now uſed by ſome to denote a Thouſand, inſtead o 
the Letter M; and It to denote five Hundred, inſtead of the Letter OP. 

P. Pray by what Character did the Ancients uſe to denote One ? | 

AM. Both Greeks and Latins denoted One by one ſingle Stroke, as being the na 


tural and moſt ſimple Character of one ſingle Thing; and therefore One is repre- 


ſented by the Letter 1. Now from theſe ſeveral Characters the following Num- 


bers are expreſſed by. the Romans or Latins, vis. I One, II Two, III Three, 


IV or IIII Four, V Five, VI Six, VII Seven, VIII Eight, IX Nine, X Ten, 


XI Eleven, XII Twelve, XV Fifteen, XX Twenty, Thirty, XL Forty, 
L Fifty, LX Sixty, LXX Seventy, LXXX Eighty, XC Ninety, C W 
CC two Hundred, CCC three Hundred, CCC 


four Hundred, D or 10 or Ia 
five Hundred, DC fix Hundred, DCC feven Hundred, M or 88 cl a 
Thouſand, 100 five Thouſand, CC IO) ten Thouſand, 1990 _ ouſand, 
CCClhgo 0 Blundred Thouſand, Od five Hundred Thouſand, CCCCI9999 
a Million; and fo MDCCXXXVIII, or CLYyDCCXXXVIIL denotes the Date 
of this Year, One Thouſand Seven Hundred and Thirty-eight. 1 

P. But pray, Sir, wvhy are Nine and Eleven denoted by the ſame Letters ? 

NV. As the I, being ſet after the X, thus XI, adds One to it, and makes it Eleven; 
ſo on the contrary, when the I is ſet before the X, thus IX, it leſſens its Value 
One, and therefore ſignifies but Nine. For the ſame Reaſon the I, placed before 
the V Five, leſſens its Value One, and ſignifies but Four. The ſame is alſo to be 
obſerved of Forty and Ninety, where the X, being ſet before the L Fifty, leſſens 
its Value Ten, and ſignifies but Forty; and being placed before the C, a Hun- 
dred, leſſens its Value Ten, and ſignifies but Ninety. And it is further to be ob- 
ſerved that ſome uſe IIX to denote Eight, and XXC to denote LXXX, as 
being more conciſe, The V and L are never repeated, nor are any of the other 
Characters repeated more than four Times; the I repeated four Times, thus IIII, 
fignifies Four; but the Vis Five, not IIIII. Solikewiſe 4 Cs, thus CCCC, ſignify 
four Hundred; but five. Hundred is denoted by D, or ID, as aforeſaid, and not by 
CCCCC. Now as by this Method the Notation of Numbers by Letters 1s very 
tedious, the 5 Notation was invented, as being more expedite. 


P. IV hat.is Figural Notation? 3 
i. The Manner of expreſſing Quantities by the Ten Arabiel Characters, via. 
1234567890, which — as follows, viz. 1 one, 2 two, 3 three, 4 four 


5 five, 6 fix, 7 ſeven, 8 eight, 9 nine, © nought, Cypher, or nothing, | : 


P. Pray how long may theſe Chara&ers have been uſed in England 3 
M. Dr. Walls in his Treatiſe of Algebra, Page 12, ſays they were introduced 


about the Year One Thouſand One Hundred and Thirty, which is fix Hundred 


and eight Years ſince. | - | | 
P. How many diflin? Parts is rithmetick divid:d into ? . 4 

M. Three; two of which 7 called Natural, and the third Artificial. 
P. IWhat are thoſe which you utaral ? | * 20 


T NUMERATION. Ns 
M. The firſt Part is that Kind of Arithmetick which is called Yulgar, and 
which is the Doctrine of whole Numbers; and the moiſt plain and eaſy, becauſe 
every Unit or One (which is called Integer) repreſents or ſignifies one entire 
Thing, or Quantity of ſome Kind of es, as a Nail, Lath, Brick, Fe. The 
| ſecond Part is the Doctrine of broken Quantities, or Parts of Units, or In 8 
which is called Vulgar Fractions, and wherein the Unit or Integer is divided into 
a certain Number of even or uneven Parts: as, far Example, if a Foot be the 
iven or propoſed Unit or Integer, and be divided into twelve Inches, then one 
ch becomes a Fraction or twelfth Part thereof, two Inches one ſixth Part, three 
Inches one fourth Part, four Inches one third Part thereof, c. This Part of 
Arithmetick be conſidered either as pure, conſiſting of fractional Parts only, 
each leſs than a Unit, as Quarters, Halves, c.; or of Integers and Fractional 
Parts intermixt, as one a half, two and one third Part of one, c. The 
third Part, which I call artificial, is alſo called Decimal Arithmetick, which 
is an artificial Method of working Fractions or broken Numbers in a much eafier 
Manner than that of Vulgar Fractions, and which differs very little from Vulgar 
Arithmetick. a «> 6 | j 
P. Pray why is this Artificial Kind of Arithmetick called Detimal Arithmetick ? 
M. From the Latin Decem, Ten, into which every Integer is ſuppoſed tobe 
Yubdivided ; and indeed, in many Caſes, every Subdiviſion is ſubdivided again into 
10 leſſer Parts, c. Suppoſe one Foot in Leugth be an Integer or Unit given, 
and let it be divided into 10 equal Parts, then we ſay the Foot is | | 
divided ; and if every tenth Part be decimally divided again, in the like Manner, 
then the Foot will be divided into one Hundred Parts, and is then ſaid to be Cen- 
teſimally divided. : | | | 5 
P. I underſtand you, Sir; and defire to know, in the next Place, what Uſe is the. 
Cypher L ſince that of itſelf it fignifies Nothing? e anon 
M. To augment or 1ncreate other Figures; thus, if next after the Figure 1 
I a o, as thus to, they together entf Ten, and 20 figmfies Twenty, 30 
Thirty, 40 Forty, c. whereby the Value of every Figure is increaſed ten Times, | 
So alſo if to 10 you add another Cypher, as thus 100, it will increaſe the 10 
ten Times, and together ſignify 1 So in like Manner 200 ſignifies 
two Hundred, zoo three 2 400 four Hundred, c. And if to 100 
you add another Cypher, as 1000, it will increaſe the 100 ten Times, and make 
at one Thouſand, _ : | | 
So, in like Manner, 2000 fignifies two Thouſand, 3000 three Thouſand, 4000 
four Thouſand, c. Again, if to 1000 you add another Cy her, as thus 10000, 
the 1000 will be made ten Thouſand ; and in like Manner 1 a Cypher be added 
to 2000, as thus 20000, they will ſignify twenty Thouſand, and 30000 thirty 
' OR Df 8 * p Ro . | | 5 
Very well, Sir; and ſuppoſe that to 10000 one, tevo, or more Cyphers, vi 
they always increaſe the V. 25 the former ten Time? | . 
M. Yes; for if to 10000 you add another Cypher, as thus 100000, the Va- 
lue is increaſed from ten Thouſand to one Hundred Thouſand ; and fo in like Man- 
ner the Addition of another Cypher to 100000, as thus 10060000, will increaſe 
them unto ten Hundred Thouſand, which 1s called a Million. | 
Now if you conſider the Increaſe that has been made by the Addition of the Cy- 
phers, it will be very eaſy to read or expreſs the true Value of any Number of 
hers, when written, or to write down any given Number aer e But, to 
make this more plain, I will give you a Table of the Increaſe of Unity, by the 
Addition of Cyphers, unto one Thouſand Millions, as follows. b 


3 : Unt 


— SEG _ — 
— n — * 


„* —— 2— — — —— — — 


1. Unit 
10, Ten 


1237 


ample, if to 1, I | 
no more than the Value of the 2, placed in the Cypher's 


ſo in like Manner 13 fignifics Thirteen, 14 Faurtees, 15 Fiſteen, Ar. fo likewiſe 


| P. I penſaty underſtand the 
Gr of tem ee pceſ 


6? | 
This I will make to you. Fg 
jus in th very ame anne? as done ere ddition of Cyphers: as, for 
ey together * 


the nine 


e 2, as thus 12, 


10% one Hundred, or ten times Ten 
v0, one Thouſand, or ten times one Hundred 
looo, ten Thouſand = 
; 200,000, one Hundred Thouſand, or ten times ten Thouſand, 
1,000,000, one Million, or ten times one Hundred Thouſand 
10,900, ooo, ten Million | | | 
| 100,000,000, one Hundred Million, or ten times ten Million „ 
1000, oo, ooo, one Thouſand Million, or ten times one Hundred Milliang. 
that is made by adding of a Cypher or 
s ; how are hom to 2 * 
, either with or <without Cyphers, as 1a, or 123, os 


increaſe each other's Value 
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unden 


welve, which is 
added to 10; and 


23 ſignifies Twenty-three, 25 'Twenty-five, Sc. So tis plain that the firſt Fi-. 
n and the other fo many Times Ten as 


Characters expreſs; 
and the ſecond the Place of Tens. And as the Figu: ſe 
ify ten Times their Number of Units; tothe Figures in thethird Place 
are Hundreds, and ſignify ten Times their Number of Tens; as 123, wherein the 
Twenty, and the 3 Three, and the 


Tena, and ſign 


3 one Hundred, the 2 
Twenty and Three. - 


in the 


and therefore the firit Place is called the Place of Units, 
fecong Place are 


one Hun- 


To make this plain, obſerve the following Range of Figures, where every one 
ſignifies ten Times the Figures 
expreſſed in Words at Length, but are alſo divided into the ſeveral diſtinet Columns 
or Periods by which they are to be numbered or expreſſed. | 


K. 


it precedes, and where their Places are not on 


| Bil- 


lions, 


H. 


F. 


1 
. 
eee 


'Thds. Units. | Thds. Units. 


| 


14 
1 
e IN 


HTU, HTU, 


Thds Mill. 
of 
Mill. | 
D. 


8. 
ZE 
"0" 
— 
Thds. Units. 


"aro 
Hun 


1 
HU 
| Thou- in- 
fands dreds 
3 


þ 


nd then read or ex- | 


preſſed in Words from the left to the right. 80 in the firſt Column A, to reckon 
the Number 524, I begin at the 4, calling that Units; then proceed to the 2, call- 
ing that Tens; and laſtly to the 5, calling that Hundreds; faying, Units, Tens, 

undreds : which I then read from the leſt to the right ; ſaying, F 
twenty and four Units. Again, if tothe Column of Units 1 join 371, the Column 
of Thouſands, I begin to numerate them as before ; ſaying, Units at 4, Foes 2, 
Ou; 


Hundreds at 5, Thouſands at 1, Tens of Thouſands at 7 


5 


0 and Hundreds of 


ive Hundred 


lands 


= 


' Now it is to be obſerved, Firſt, that the Places of Numbers are always rſt N 
reckoned or numbered from the right Hand to the left, a 


A 


1 Of NUMERATION, © | 

ſands at 3; which I expreſs or read, Three Hundred Seventy and one Thouſand 

five Hundred twenty and four, and fo in like manner any other Number. 

> Secondly, by the Capital Letters H T U, placed under the Figures of every 
Column, you are to underſtand the repeating of the Denominations of Units, Tens 

and Hundreds of the Units and Thouſands of each Period. 

P. Pray, what do you mean by a Period? 5 

NM. A Period is a Quantity expreſſed by fix Figures, and are Units, Millions, 

Hi lions, Jer 


Billions, Trillions, Quadrillions, Quinti illions, Sc. So here, the 


Period of Units is the Columns A B, which are three Hundred ſeventy and 


one Thouſand, five Hundred twenty and four Units. The Period of Millions is 
the Columns C D, which are four Hundred forty and two Thouſand, four Hun- 
dred forty and four Millions. The Period of Billions is the Columns E F, 
which are four Hundred forty and four Thouſand, four Hundred and forty four 
Billions, and ſo the like of Trillions, Quadrillions, 2; 
P. Pray, what do you mean by a Billion, Trillion, &c.? - | 
M. A Billion is a Million of Millions, a Trillion is a Million of Millions of 
Millions, Ee. and therefore as you ſee that every Column conſiſts but of three 
places of Figures, viz. of Units, Tens, and Hundreds, which in general begin 
with Hundreds, altho* the Units. may be Units, as in Column A, or Thouſands 
as in Column B, or Millions as in Column C, Cc. and as every Period con- 


tains two Columns, or fix Figures, 'tis very eaſy to read any range of Figures - 


that can be propoſed, as is evident from the aforeſaid, which are thus expreſſed in 
Words, viz. three Hundred thirty and three Fhouſand, three Hundred and 
thirty three Quadrillions ; ſeven Hundred ſeventy and ſeven Thouſand, ſeven 
Hundred ſeventy and ſeven Trillions; four Hundred forty and four Thouſand, 
four Hundred forty and four Billions ; four Hundred forty and two Thouſand, 
four Hundred forty and four / Millions, three Hundred ſeventy and one Thouſand, 
five Hundred twenty and four, | 


But that you may perfectly underſtand how to reckon or numerate any Range | 
of ens propoſed, and to truly underſtand the value of their reſpectiye Places, 


I will therefore give you the following Table. 
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6: ; --0f ADDITION: 
In this Table, you ſee a Demonſtration of all that I have been informing you, 


required. 


with regard to the places of Figures, exceeding each other ten times. 


/ 


P. *Tis very true, Sir; pray is there any thing further to be known, relating to the 


Numeration and * ay of Figures ? 


M. Yes; ttis neceflary, and indeed a very ready way, in long Numbers, to 


place a Comma before every third Figure, thereby diſtinguiſhing the Units, 
Tens, and Hundreds in every Column as aforeſaid, and the Millions, Billions, 


Trillions, Sc. by one, two, three, c. Dots or Points placed under them, as is 


done under the lowermoſt Line of the preceding Table. 


; LECT. UH. Of ADDITtON. 


P IWhat is to be underſtood by Addition ? 8 1 
„ M. To collect, or gather into one Sum or Total, all ſuch Sums or Quan- 


— as may be given or propoſed, which is performed by the two following 
ules. | | | 


Place all the Numbers given, to be added together, ſo as that each Figure 


way ſland directly under thoſe Figures of the ſame Value, viz. Units under 
17012 


Units; Tens under Tens; Hundreds under Hundreds, Sc. Which be- 

549 ing done, (always) draw a Line under the lowermoſt Number, to ſeparate 
12 their Sum when found. As for Example: Suppoſe the Numbers 501 2, 
9 $549, 12, and go, were to be added together, they mult be placed as in 

— the Margin. | 5 | ; 


RU LS: H., 


Always begin to add the given Quantities together, at the place of Units; adding 
together all the Figures that ſtand in that Column; and if their Sum be leſs than 
Ten, ſet it down underneath the ſaid Column; and if their Sum be more than Ten, 


ſet down only the Overplus, or odd Figure more than Teu or Tens; and as many 
Tens as are contained in the Column of Units, ſo many Ones you muſt carry and 


add unto the ſecond Column of Tens; adding them, and all the Figures that ſtand 
in the Column of Tens together, in the tame manner as thoſe of the Column of 
Units were added: and ſo in like manner proceed to the Column of Hundreds, 
Thouſands, &'c. until every Column is done; and placing the whole Amount of 


be the total Amount required, 


ExamPLe I. 
To add 2346, which place as in the Margin. 

wy Prodie —— at the Place of Unite and ſay, 5 and 3 is 8, 

7543 which being leſs than Ten, ſet it underneath that Column. Then 

2345 proceed to the ſecond Column of Tens, and ſay, 4. and 4 is 8, 
—— Which being leſs than ten, place it alſo underneath that Column. 

Sum 9888 Again, in the third Column of Hundreds fay, 3 and 5 is 8, 
which being alſo leſs than ten, place it alſo underneath that Co- 

lumn, Laftly, in the Column of Thouſands, fay 2 and 75 make 9g, which place 
underneath that Column; then will the Product be equal to 9888, the true Sum 


the laſt Column underneath the fame, the Sum ariſing from thoſe Additions will 


RR Ar LEK II. 


To add 8888, which place as in the Margin. 
8 Pradtice. Begining at the Column of Units, ſay, 8 and 9 


— 336 is 17; now, as 17 is 7 more than 10, therefore ſet the 7 
$588 


underneath,” and catry the ten unto the ſecond Column or 

—— lace of Tens, calling it one, and then ſaying, one t hat I car- 

Sum 10008887 ry and 8 is , and q is 18; then place the 8 under the piace 
of Tens, and carry the ten unto the next Column of Hun- 


= dreds, 


Ru K J. 7 : 0 


60 


l 


> mn RW 


„F 


N 


60 


terminate in the Total, which | 2 


! 


\ 


dreds, (becauſe 10 times 10 is one Hundred) ſaying, one that I carry and 8 is , 
and q is 18; place the 8 under the Column of Hundreds, and carry one for the 
ten, to the next Column of Thouſands (becauſe 10 Hundred is equal to one 
Thouſand). Proceed in like manner to the Column of te 
and the true Sum required will be 1ooo888. 


| | ExamreLE III. 3 | 
It is required to find the true Sum of 1430, more 234, more 456, more 789, 
more 91, which place as in the Margin. E 
Begin as before, at the Column of Units, ſaying, 1 and g is 10, 


and 6 is 16, and 4 is 20. Now as 20 contains ten twice, and none 1430 
remaine, therefore under the Column of Units place a Cypher o, 234 
and carry the two tens to the Column of Tens, ſaying, 2 that I 456 
carry, and q is rt, aud 8 is 19, and g is 24, and 3 18 27, and 789 
3 is 30. Now as 30 contains ten three times, and nothing remains, "9r\ 
therefore under the Column of Tens place an o, and carry 3 to the — 


lace of Hundreds, ſaying, three that I carry, and 7 is io, and 4 Sum 3000 
1s 14, and 2 is 16, and 4 is 20. Now as 20 contains 10 twice, 
and nothing remains, therefore place o under the Column of Hundreds; and 
carrying the two Tens to the place of Thouſands, ſay, two that I carry and 1 
make z, which . placed under the place of Thouſands, the true Sum will 
be 3900, as required. 
I underſtand your Method of caſiing up every Column by itſelf, and to carry the 


Tens forward when they happen, and can perform any Sum required, But before you | 
proceed any further, pray dbmoufrate the Reaſon thereof. 8 5 | 


M. 1 will with the laſt Example, as following. 


Add together each ſingle Column of Figures by jx:]4]3]o 
itſelf, as if there were no other Columns of Figures 234 
to be added, and underneath each Column place the 45 6 
Product. : ' 71819 

Thus the Product of the firſt Column of Units, | 9 | I 
is 20; the Product of the Column of Tens, is 28; | 
the Product of the Column of Hundreds, is 17; 210 
and the Product of the Column of Thouſands, 218 
Is I. ; 11 

Now theſe four ſeveral Products being added to- | x 4 wy 

gether, in like manner, their Product will be 3000, | — : 
as following. a 1310 0 10 


The particular Products of the a- 
bove four Columns. 


* 


My wi 
8 
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By this continual Addition 5 
of the Products, they at length 


| 


2 | 2 Sums added as above, a 


; 2 | Their Sums added as above, a 
9 ſecond time. 


was to be demonſtrated. | 


* 


4 thir d | time, 


I 
2 


P. 7thank you, Sir, for this Demonſtration, which has well informed me of the 
reaſon of carrying on the Tens, as they ariſe, io the next Column. Pray, Sir, be 


B 2 pleaſed, 


Of ADDITION. es 


ns of Thouſands, &c, 


3|0]o|o The Total or Product, as above. 


* * 
— bs * * 


into eig 


— 


8 Of ADDITION. 

aſed, in the next place, to proceed to other Examples, for tis a pleaſure to worky 
— I know the ren of 1 Operations. . 258 Y 

M. I am glad to find that you are ſo pleaſed with Demon/trations, which very 
few Youths care to trouble themſelves with. 

P. Such there are, there's no doubt ; but did they know the Sweetneſs of De- 
monſiration, m_ world ſtrict iy purſue it; for by this fingle Demonſtration only it is 
proved, That the whole is equal to all its Parts taken together; that is, I am taught 
to know that the Numbers which are propoſed to be d togtiber, are the ſeveral 
Parts, and their total Sum found by ps 3:99 to be the whole. | IG 

M. *Tis true, you rightly conceive it, and you will as eaſily conceive the reaſon 


of the Proof of Addition. 


P. Pray, hoxv do you prove the truth of Addition? ; | 
M. By parting or ſeparating the given Quantities or Numbers into two (or 
more) Parcels, according to the largeneſs of the ſeveral Numbers contained there- 


in; and then adding up each Parcel by itſelf, their particular Sums being added 


together, the Sum total thereof will be-equal to the other Sum total firſt found, 
if the Work be truly performed; if otherwiſe, tis falſe, and care muſt be taken 
to diſcover and correct the Error, by going over the whole again. 


4 ; EXAMPLE. 
123455 123456 © 423165 
214305 1 432615 

A 241355 241356 - b 
423165 — 855780 
4326185 579177 


1434957 | | | 
(t) In this 2 the given Quantities are 123456, more 214365, more 
2413 56, more 423165, more 43261 5, whoſe Sum total is equal to 1434957. 
(2) Dividing cheſe five given Quantities into two parts, as the firſt three by 
themſelves, as B, and the laſt two by themſelves, as C; their two Sums or Totals, 
added together, will be equal to the Total of the whole five Numbers taken to- 
gether at A. 3 > | 5 
The Sum Total of B, is 579177 ; 
The Sum Total of C, is 855780 
The grand Total is « 1434957, which is equal to the Total of the 
five given Numbers at A, as required. And ſo in like manner any other Sum or 


Quantities given, may be proved, 


P. I underfland you perfectly well, and can now prove the truth of any Total re- 

quired, Pray proceed to my further Information in other things neceſſary to my pure 
fe. N 

I. I will: and firſt, with reſpect to Meaſures of Length. 
P. Yat Meaſures of Length are moſt generally uſed in Buſineſs ? 
M. The Foot, the Yard, and the Pole or Perch. 
P. How is the Foot commonly divided ? | 
M. Generally into twelve equal parts, called Inches, and every of thoſe Inches 
ht, and ſometimes ten equal parts, which laſt is called a Decimal Diviſion 


* 


ot the Inch, and then the whole Foot is divided into 120 equal parts. 
P. Is the Foot divided into any other ſorts of Parts or Diviſions ? 
M. Yes, tis ſometimes divided into one hundred parts; which is called, the 
centeſimal Diviſion of the Foot, as has been already obſerved ; by which the Di- 
menſions of Glaſs, Marble, Sc. are taken. | , 
P. Pray give me ſome Examples in theſe kinds of Feet Meaſure ? 
Iwill; and firſt, of the Foot divided into 12 Inches, and each Inch into 
eight parts. | | | f 
0 II. Addition 


a” ne 5 75 


* 


F 


delighted therewith, Pray now proceed to the other Mea "uw y-u before mentioned ; 
 evbich, if 4 remember right, you ſaid, were the Tard, and the Pole or Perch, 


which other Meaſures of Length are compoſed, as the Pole or Perch, Furlongs, 


and Quarters, and the Manner of their Addition is 1 by this Rule. 


„ G ADDITION | 5 
II. Addition of Feet, Inches, and Bhs, 2 
| EN Au. I. 


Feet. Inch. 8th Parts. 
„„ e . 
. 7 Rule, 
Colle& into one Sum theſe 5 | 
2 For every 8th Parts, car- 
Hang} LANG, 982 : i 1 2 * i to the Inches; for e- 
5 CO 18 4 2 very 12 Inches, carry 1 to 
. 9 £ 9 10 1 the Feet, which add as In- 
* 
Anſwer 115 8 3 
Take the following Examples for Practice. | ! 
„ Binn ExAur TE III. 
Feet. Inch. Sths. Feet. Inch. 8ths. 
* 2 7 | 224-2042 
* 12 „ 
3 It 7 5 18 
"2 I 172 11 4 
x} . a 75 10 0 
Sum 66 2 6 Sum 411 


I will now proceed to Examples of Foot Meaſures, cently divided ; "LY 
is, the Foot divided into 100 equal Parts. 


III. Addition of Feet and Parts. 
| Feet. Hund. Parts. 
ſ 123 109, F198 
, 456 „75 4 / 

Collect into one Sum theſe | 789 5 % 
7 

ſeveral Lengths, vix. 120 
172 „25 


| 222 „50 


Sum total 1937 »69 | 

Now, as the Foot is here ſuppoſed to bs divided into 100 on ual parts, which 
is a Centefimal Diviſion ; therefore the manner of adding theſe ſums together, is 
the very ſame as in whole Numbers ; ; the Tens of every Column being carried on 
to the next, and the Remainders placed underneath : this is ſo very plain, needs 
no further Examples hereof. - But obſerve, that as the Foot contains 100 parts, 
75 parts thereof is equal to 3 of a Foot; 50 parts thereof is equal to + a Foot; 
and 25 parts thereof is equal to 4 of a Foot. 
P. 7 thank you, Sir; theſe Examples are both eaſy and pleaſant, and Jam much 


* 
— 
2 — — — an area 


—— 


— 


, IV. Addition of Yards, Pnarters, and Nails. 
A7. The Yard is a Meaſure of Length, containing three Feet preciſe! ; of 


' 
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Miles and Leagues. 
P. Ii what manner is the Yard uſually divided — a 
M. Into four equal Parts or Quarters, each (containing nine 8 ſubdivided 
into four equal parte, called Nails; therefore the Diviſions of a Yard, are Nails 


* 8 
Gy Ea 
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10 o ADDITION. 
a 1 EXAMPLE. 
The following Lengths are to be added into one Sum. 

i "US or every 4 Nails, carry 
4 : g 1 to the Quarters ; for e- 
2 1 very 4 Quarters carry 1 to 
987 o 3 the Yards, which add aa 
3 2 Integers. | 

7 


1 


2 


\ 


Sum total required 332 3 | 3 
Take the following Examples for Practice. | 


Yds. Qu. ails. . Yds. Qu. Nails. 
+ 2456 3 3 
834 2 1 3 
272 R 444 2 3 
— 4 8 — 
— Total 2227 0 1 
Total 388 1 1 i 


Voou muſt alſo underſtand, that there are three other ſmall Meaſures of Lengtn 
roceeding from the Yard, namely, the Flemiſb and Engliſh Ells, and the Fathom. 
he Flemiſh Ell is equal to three quarters of a Yard ; the Engliſh Ell is equal to 

one Yard and quarter; and the Fathom is equal to two Yards, or ſix Feet. 

P. Thank you, Sir ; I ſhall remember their Quantities : pray proceed unto the larger 

Meaſures, as Poles, Furlougs, &c. | . 33 
M. I will; but firſt, tis neceſſary that you ſhould have, at leaſt, one Example 

in each of the preceding Meaſures: for always remember, that the practice of 

one ſingle Example ingrafts a ſtronger Impreſſion on the Mind, than the bare 

hearing or reading of twenty. c | 

| V. Addition of Cloth-Meaſure, Flemiſh. 
FI. Ells. Inch, 
[ 213 26 3 

; 271 17 For every 27 Inches car 
—_ n uur Sum theſe J , 23 11 1 to the Elle, which add © 
vera Quanti les, VIZ, |? 21 20 Integers. | 


* 


4% "xc 


— 


Sum total 1553 8 | 
VI. Addition of Cloth-Meaſzre, Engliſh. 
El. HS Yd. Na. of Yd. © 


12 4 3 Rule. 
Collect into one Sum theſe } 123 3 2 For every 4 Nails carry 1 
ſeveral Quantities, viz. 7. 4 2 to the Quarters; for every 
| | 72 4 I Fl uarters carry 1 to the 
— Is, which add as Integers. 
Sum total 2817 „„ | 
VII. Addition of Fathoms, | 
Fath. Feet, 7 
I23 2 Rule, 
Collect into one Sum theſe : oy ö dear He — OY 40 
A ; a 
eee, viz. 222 4 them as Integers. 
9995 


| Sum total 1794 5 
Now I will proceed td Poles, Furlongs, c. 
P. Pray 


: P. Pray, what number of Feet are equal to one Pole or Perch ? Gy 


M. There are three different Poles or Perches, by which Lands are meaſured. - | 
The firſt is called the Sratute Pole, containing 16 Feet and 4. The ſecond, the . 


Woodland Pole, containing 18 Feet; and the third, the Foreſt Pole or Perch, 
containing 21 Feet. | „ | b 
The Statute Pole is uſually uſed in the Menſuration of meadow, arable, and 
paſture Lands, and Brick-works, &'c. the Woodland Pole in the Meuſuration of 
copious Woods, &c. and the Foreſt Pole in the Menſuration of large Chaces, - 
Foreſts, &c. 8 7 
' VIII. Addition of Statute Poles. 
| : Gt «7 Poles. Feet. | a 
| | 999 13 4 Rule, 
, 3 ; 
Collect into one Sum theſe 2 13 — 5 ai fob + 
ſeveral Lengths, wiz. | 888 2 Feet br to the Poles, : 
| | 777 4 and add them as Integers. 


LES 


Sum 3522 12 | 
IX. Addition of Woodland Poles. 
| Totes, Fees 
s e796 17 5 3 6 
. 127 15 Por 16 Feet carry i to t 
| 8 _ 2 theſe 493, 11 Poles, which add as Inte- 
Lengths, viz. 101 16 gers. 
222 9 | | 


1 Sum 1742 14 N 
5 X. Addition of Foreft Poles. 
"Tis required to collect into one Sum, the following Lengths. 
- Poles, Feet. 
„ | 9999 20. Rule. 8 
Collect into one Sum theſe \ 777 79 For every 21 Feet carry. 
ſeveral Lengths, wiz. 888 15 1 to the Poles, which add 
a 201 20 as Integers. 


1 , 


Sum 12423 20 

Theſe are the various kinds of Poles, of which the Statute Pole is the moſt in 
uſe, and it is hy the Statute Pole that Chains, Furlongs, Miles, and Leagues, 
are compoſed. x | 

P. Pray what Meaſure is a Chain ? 4 Fo | 

M. A Chain is a Meaſure of Length, containing four Statute Poles, preciſely 

ual to 66 Feet, and is divided into 100 equal Parts, called Links: it is by this 

eaſure, that Land is uſually meaſured ; and was firſt invented by that late emi- 
nent Mathematician, Mr. Edmund Gunter ; and as the whole Length is divided in- | 
to 100 Links, and contains 4 Poles, therefore 25 Links is equal to one Pole; 50 | = 


Links equal to two Poles ; and 75 Links equal to 3 Poles. , 
XI. Addition of 2 and Links, 
| Cha. Links, | 
10 75 Rule, | RY 
5 95 For every 100 Links carry 
Collect into one Sum theſe 27 3 8 which add 
Quantities, viz, , 
| 28 96 
| f | do 18 
Sum 76 04 1 


4 


&F ADDTTonx 


- XII. ay Chains, and Pol. A, 

* 5 5 P. Pr what is a e e 9 \; 
{+ x A Nang! is N. 10 Chains, or go Statute Poles or Percher, 
{18 = is one > Mile. It is alſo called, an Acre's length; and one 
Chain's length is, Falled an Acre's breadth ; becauſe a piece of id, whoſe | 
Length i is 10 Chains, and Breadth one Chain, i is equal to 160 ſquare Poles, the 
2 of one Statute Acre. 


The Addition of theſe W 2 2 by this vie Chain "4 
For every "_ carry 1 to ns, for every 10 $ carry 1 to 
5 5 a 7 n PO. | s | 
EXAMPLE. ee 28 
Fur. Ch. . 

hy 15 8 
Collect into one Sum theſe . : 
ſeveral Lengths, viz. 3 ö 

| 000 7 © 


P. Sir, 7 now arge the 22 tions * well, and FOI * you to pro- 
ceed unto Miles, Leagues, &c. Pray, how many Furlongs are equal to one Mile? 


XIII. Addition of Degrees » Miles, and F urlongs. 
A, Eight Furlongs are equal 2 one . and three Miles 2 are equal to one 


P. 4nd; League th tft Meaſure of 
Aud is a gue the grea eaſure 
M. No; a Degree is the greateſt de e AY 


2 bo Miles, of which, 360 is faid be the c 
. gree 1s at of W 18 to neun 
8 3 


— 


ExXAMPL xk. 


Collect into one Sum the following Meaſures. Op 
Rule. For every 8 Furlongs carry 1 to the Miles, for every 3 Miles, carry 1 T 
to the Leagues, for every 20 Leagues, carry 1 to the Degrees, and add __ as 


80 | 
Degr. Lea. Mi. Fur, 


„ 7 
| by 15 1 0 

a 1 . 
6. 8 


25 04 


Sum 140 
Theſe are the ſeveral — — of Length kd in England, whoſe Proportions | 
to each other are exbil.ked' in the following Tubs : 


4 Table 


Q 0 Ow 


3 


ae - 


> C=- 


a df ABDLITIONS: : ĩð 13 


— Th A Tale of Englith Meaſures of Length. \ 
Barley-corns, taken dut of the Middle of an Ear of Barley, | ? 
3 Inch - FED 


' 


36 12]Foot - 3 „„ 
e Flemiſh Ell ö 
108] 36 3 | 11 Tard 5 


1360 4 off 10 11 Englim Ell 
216 74 6 3 11 Fathom 


594]. 198] 164] 74] 54] 41d Statute Pole 
"a ad 0 2 4 4% 30 Woodland. Pole 
8e 2ge] au] gi] 7] 65) 34/167 alf roreſt Pole 
2376 792] 66 29] 22|1724| 1% 4] 37 * 33|Chai | 
23760 en e 220 176110] 46 363] 313|10]Furlongs ' 


— — —⅛. 8 


190080063 360 2900070405 1760 1408 880 320 2933[2518 en be ang 


i. 3 MAL, ks FR 


I „ ‚ Sor $7. $5 Q WIA 
P. Pray explain unto me the Nature and Uſe of this Table 


k M6, 1 bil Tan foo u e as numbered, 1, 2, 3» 4, * 
6, 7, 8, 9, 10, 11, 12, each repreſenting the number of Times that they are 


contained in the next greater Meaſure. Thus in a Mile, there is contained 
190080 Barley-corns Length, or 63360 Inches; or $280 Feet; or 79463 Fe- 


miſb Ells; or 1960 Yards; or 1408 Exgliſb Ells; or 880 Fathom ; or 320 
Statute Poles ; or 2933 Woodland Poles ; or 2513 Foreſt Poles ; or 80 Chain; 


or 8 Furlongs ; as exhibited in the lowermoſt Line of the Table. Again, ad- 


mit it was required to know what Number of Inches is in a Furlong, &'c. pro- 
.cegd as follows. V 
Firſt, find out the word Furlong on the right hand Side of the Table, and | 


begs your Eye level therefrom, until you come under the Title (or Column 
of) Inch, in the ſecond Column, there ſtands 7920; the Number of Inches con- 
tained in one Furlong, as required. Likewiſe under the Title Foot, ſtands 060, 


the Number of Feet in a Furlong ; and fo in like matiner, any other Meaſure, or 
its Parts of which 'tis compoſed, may moſt readily be found by Inſpection. 


P. Sir, I am wery much obliged to you for your painful Information of Long 
Meaſures, pray be pleaſed to inflirul me in like manner, of ſuch Square Meaſures as 
are uſed in Buſineſi. | | 


M. I will. The ſquare Meaſures by which Works, Sc. are performed and | 


ſold, are, the Yard, the Foot, the Square, and the Rod, or Pole. 


P. What do you mean by the Foot? Yon have already informed me, that a Foot 


is a Length containing 12 Inches, which J already know. 


M. *Tis very true a Foot in Length is 12 Inches as you ſay, but a ſquare Foot 


is a ſquare Space, each Side thereof equal to 12 Inches; that is, as well in 
Length as in Breadth, and contains 1 44 {quare Inches. | 


C | P. Pray 


( 


Bs; Of ADDITION. 
P. Pray explain this to me in ſuch a manner as I may rightly underfland it; for 
at preſent I cannot comprehend your Meaning. _ ED Et 
M. I will, *tis very eaſily underſtood : e that the Square A B C D, ig. 
IX. PI. LVII. have each of its Sides equal to one Foot in Length. And each Side 
divided into 12 equal Parts; that is, the Inches in a Feot. Then I ſay that 
if from the ſeveral Diviſions of the Inches at the Points 1, 2, 31 4» 5» 6, 7, 8, 9, 
10, 11, and 12, in the Sides A B and A C, right Lines be drawn Fain Side to 
Side, reſpectively oppoſite, they will form 144 little Squares or ſquare Inches: 
For every one thereof will be an Inch ſquare preciſely. Hence it is, that a 


ſquare Foot contains 144 ſquare Inches. | | | 
P. Sir, I underſtand you perfefly well, and upon the ſame Principle I ſuppoſe that 


« /quare Yard contains g ſquare Feet. 


M. Tis true. For if each of the Sides of the Square AB CD, fg. I. Pl.. LVII. 


contain one Yard, divided into 3 equal Parts or Feet, as at the Points 1, 2, 3, 4. 


Oc. and the Lines 3, 7; 4, 8; and 1,5; 2, 6; be drawn, they will divide the 
ſquare Yard into nine little Squares, each containing one ſquare Foot. Therefore 
- 1 that one ſquare Yard contains ꝙ ſquate Feet, as you have before ob- 
erved. | 

P. I fee plainly that it dith, but what do you mean by the Meaſure which you call 
a Square ? | 5 

12 A Square of Work is a Space containing 100 ſquare Feet, or it is a ſquare 
Figure whoſe Sides are each equal to 10 Feet, divided into Feet, as the Square 
ABC D, Fg. II. Pl. LVII. | | - 

P. I underfland you, Sir, and ſee that if from the ſeveral reſpective Diviſions of 
Feet, there be right Lines drawn, in the ſame Manner as before in the ſquare Foot 
axd Yard, they will generate 100 little Squares, each equal to one ſquare Foot, Pray 
evherein is this kind of Meaſure uſed ? | 

M. In the Menſuration of Flooring, Tyling, Slating, Sc. which you'll be 
acquainted with, when you come to learn Menſuration. | 


« Thank you, Sir, pray be pleaſed to proceed, | 
M. I wilf. The next ſquare Meaſure is a Rod or Pole, and is a Space contain - 
ing 2721 ſquare Feet. | 


Pray ſbew me its Figure. | 
M. I will. Suppoſe each Side of the Square AB C D, Fg. III. Pl. LVII. to 


contain 16 Feet 1, divided into 16 Feet and 3 as at the Numbers 1, 2, 3, Sc. in 


the Sides AB and AC. Then I fay, that if the right Lines 1 4, 2b, 3 c, 44, 5 , 
c. be drawn, as before in the preceding ſquare Figures, they will generate 256 
complete little Squares, each containing one ſquare Foot, as in the Scheme. 
P. Very «vel, Sir, but I thought that you ſaid, that a ſquare Rod contained 272 4 
ſquare Feet, and herein you produce but 256. ; 
AI. Within the Square of 16 Feet ZAB CD, there are 32 little long Squares, 
or Oblongs, marked with Dots ; now as each of theſe Oblongs is 6 Inches in 
Breadth, agd one Foot in Length, therefore one of them is equal to but ; of one 
of the whole ſquare Feet. And conſequently the 32 being taken together, are 
equal to but 16 whole Feet. 
Now if unto 256 
You add 16 


The Sum is 272 The Number of Feet in one Rod. And laſtly the little 
Square 7, at the corner D, having each of its Sides equal to but x a Foot or fix 
Inches, therefore it contains but I of a Foot; that is, 36 Inches, which is but 
x of 144, the Number of ſquare Inches (as before ond) in one ſquare Foot. 
Therefore the Sum of the whole Square is equal to 272 4 Feet. Having thus 
defined unto you theſe ſeveral ſquare Meaſures, I will in the next place proceed 
to io:;ne Examples of the Addition of ſuch Quantities, 


} | XIV. 


un- 


res, 


s in 
one 
are 


tle 
- fix 
but 
16 

thus 
eed 


IV. 


contains 36 ſquare * 
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. XIV. Addition of ſquare Feet. . 
Note, That as the ſquare Foot is divided into Quarters, therefore one 9 72 


Feet. Qrs. Sq. In. 
_ 3. a Rule. ; 
Collect into one Sum theſe 729 2 29 For every 36 Inches carry 
ſeveral Quantities, viz. 8 1 25 1 to the Quarters, for every 
E 0.38 Quarters carry 1 to the 1q. 
- eet, which add as Integers. 


Sum. 2005. 2-4. - 

I muſt alſo inform you, that the 3 Foot is by ſome divided into 12 equal 
Parts, each being 12 Inches long, and one Inch in breadth, asa bc de fg hit m, 
in fe: VIII. PI. LVII. Which Parts are called long Inches, of which you'll ſee 
more at large in croſs Multiplication hereafter. By this manner of dividing the 
ſquare Foot, its Parts are moſt readily added together, as following. 

EXAMPLE. 
Sq. Feet. Inches, | 
009 224 Rule. 
10 10. For every 12 Inches carry 
7 6. 1 to the Feet, and add them 
2 3 as Integets, ES i 


99 


Sum 1120 2 


Colle& into one Sum theſe 0 
Quantities, vis. | 


XV. Addition of ſquare Yard Meaſure. 
EXAMPLE. 
Yds. Feet. | 
27 8 F | Rule, 
12 7 For every 9 Feet carry 13 
hors nu reh Sum theſe 9 4 to the Yards, and add them 
6: 5 þ as * 7 
6 | 
Sum 62 2 


— 


XVI. Addition of ſquare Meaſure, as Flooring, &c. 


1 i Sq. Feet. 


| 
123 - | Rule. 


Collect into one Sum theſe | 0 .,83 Add up the Feet as Integers, 
ſeveral Quantities of . 70 . 96. and for every ioo oy i to 


ing, VIZ, 10 25 the W 
100 50 
3 


Sum 396 27 ? 
XVII. Addition of ſquare Pole Meaſure. 


Note, That in Buſineſs the fractional Part or _ Quarter of a Foot is -— 
omitted, and then, 
The Rod is taken at- 27s Peet, 


The 3 Quarters. - 204 
The . 136 
The Quarter 68 
| CY 
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Es | Rod. Qc. Et. 
To add theſe Quantities together, this is the Rule. For every 68 27 3. 30 
Feet carry one to the Quarters, and for every 4 Quarters carry 1 29 1 38 
to the Rods. . | OT OP 

The Quantities in the Margin, are given to be added into one 8 1 9 


Sum. — 
: Sum 82 1 171 


| XVIII. Addition of Land Meaſure, 
Note, That an Acre of Land contains 160 Poles or 4 Roods, and each Rood 


49 ſquare Poles or Perches. 
5 4 5 Acr. Rd. . - | 
727 3. 309. Rule. : 
2 


21. For every 40 Poles car 
Collect theſe ſeveral Quan- 18 1 35. 1 to the Roods, for oh wt 


x es into one Qum, viz. , 3. 38. Roodscarry 1 to the Acres, 
21 1. 30 which add as Integers, 


Total 116 2 OZ 
A Table of ſquare Meaſures, 


Sq. Inches Thus have I delivered unto you 
FT all the uſeful ſquare Meaſures, by 
144 Feet IN which all wanner of ſuperficial 
— — Works are meaſured. I ſhall now 
1] - 1296 9Vards 5 exhibit them together in this Table, 
— — which by Inſpection will ſnew their 
14400] 100 113]Squares _ reſpective Quantities, in any of the 
DEE Gf Ws leſſer Meaſures. F 

39204] 2728 303] 244]Statute Poles 

47 568 16010890 fz 100108 g 40 Roods 


6272640043 5604840043 5 60 Acre 


P. Pray ſhew me the Uſe of this Table, 

M. I will. Suppoſe it was required to know how many ſquare Feet were con: 
tained in one Acre of Land, Statute Meaſure ; looking in the ſecond Column, un- 
der the Title Feet, and againſt the word Acre, ſtands 43560, the Number of 
ſquare Feet in an Acre of Land, as required; and fo in like manner any other 
_ Meaſure in the Table. 5 

P. I thank you, Sir, I underſtand it, and fo in like manner an Acre of Land is 

equal to 6272040 ſquare Inches, or 4840 ſquare Yar d, or 435 x Squares of 100 
Feet; or 160 ſquare Statute Poles; or 4 Roodi, And a Rood is equal to 1568160 
Square Inches, or to 10890 /quare Feet, or to 1210 ſquare Tards; or to 1081 
Squares ef too Feet; or to 40 Statute Poles. 5 

M. is very well, I find you have a right Underſtanding of its Uſe, I ſhall 
in the next place proceed to inform you of the ſeveral Weights uſed in this King- 

dom, from which the ſeveral Meaſures of Capacity were taken. | 

P. I thank you, Sir, but if there avere any ſolid Meaſures neceſſary to follow the 
1 ſuperficial or ſquare ones now taught me, I. ſhould glad iy know them. 

1 M. There are ſolid Meaſures which vou are to be informed of, as the ſolid 

0 Foot, which contains 1728 ſolid or cubick Tnches ; and the folid Yard, which 
contains 27 ſolid Feei, a Tun of Timber 40 ſolid Feet, and a Load 55 fold F — 

— . ut 


mY k = 4 * — _ 
5 * 2 
1 — — 
PO <A ey ed oo —ü—ä— — — ——— — — ra 


con: 
un- 
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ad is 
100 
3160 
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ſhall 
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, the 
ſolid 
-hich 


Feet. 
- But 


& ADDITION. a 
But before I can inform you thereof regularly, I muſt teach you Multiplication, 
or otherwiſe you cannot ſo readily, or ſo, well underſtand them. . | 
P. I aſt pardon for my Forwardneſs, Pray proceed to the account of the Weights 
on was mentioning, © : „ | 
M. Iwill. The original of all Weights uſed in this Kingdom was a Grain of 
Wheat, taken out of the middle of a well-grown Ear, and being well dried, 332 
of them were called and made a Penny Weight, 20 Penny Weights one Ounce, and 
12 Ounces one Pound. See the Statutes of 51 Hen. 3. 31 Ed. I. 12 Hen, 7. But 
the Moderns fince the making of theſe Statutes, have divided the aforeſaid Penny 
Weight into 24 equal Parts, which are called Grains, and is the leaſt Weight now 
in common uſe. | | 2 
P. What do you cqll this original Weight ? 
M. It is called Troy Weight, becauſe *tis ſuppoſed to be the ſame that was 
uſed by the Trojans, By this Weight O/oright, a Saxon King of England, 200 Years 
before the Conqueſt, cauſed an Ounce Troy of Silver to be divided into twenty 
pieces, which at that time were called Pence, and at that time an Ounce of 
Silver was worth but 20 Pence. ; | ? 
This value of Silver continued unto the Reign of Hex. VI. who to prevent the 
enhancing of Money in foreign Parts, valued the Ounce at m_ Pence, and ac- 
cordingly divided the ſame into thirty pieces, each being then a Penny. And the 
old Pennys made in Oſbright's time went then for Three-pence half-penny each, 
and which continued unto the time of Ed, IV. who valued the. Ounce of Silver 
at 40 Pence, and divided it into 40 pieces each a Penny, and then the old Penny 
of Oſeright's went for Two-pence. | 
This continued until the Reign of Hen. VIII. who valued the Ounce of Silver 
at 45 Pence, which was not altered until the Reign of Queen Elia. who valued 
the old Penny of O/bright at Three-pence ; fo that at that time, all Three-pences 
coined by Queen Elix. weighed but one Penny Weight, every Six-pence two Penny 
Weight, and the like proportion in Shillings and other pieces then coiged. 
This laſt Alteration was the cauſe of the Ounce Troy of Silver to be valued at 
60 Pence, or five 3 as it now is at this Time. 
Buy this Weight Jewels, Gold, Silyer, Corn, Bread, and all Liquids are 
weighed, | = 


XIX. Additien of Troy Wrights. 5 
Theſe Weights are added together By the following Rule. 

For every 24 Grains carry 1 to the Penny Weights, for every 20 P 

Weights carry 1 to the Ounces, and for every 12 Qunces carry 1 to the Pounds. 
EXAMPLE. 

Ib» Oz. Pw. Gr. 

22 11-. d 

16 9 11 17 

20 8 3 4 

16 II 7 8 


, 2 1 


But beſides theſe common Diviſions of the Troy Pound, I find in the Preſent 


os „State of England, for the Year 1699, that the Grain is ſubdivided as following, 


wiz, 1 Gram is divided into 20 Mites, 1 Mite into 24 Droites, 1 Droite into 20 
Periots, and 1 Periot into 24 Blanks, from which the following Table of Troy 
Weight is made. 2825 5 e 


A 


| Blanks | 


the Pounds, 
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Blanks 

/ ere 

| * 480 . zo[Droite 2 
11529 _ 855 24% lite 


* F 55 30400 He 9600 F ” 480 in? 200Grain 


| 5529500 230400 11920 480 24/Penny Weight 


102892000 4608000 230400] 9600, 480 20 Ounce 


1, 234. 704, oo0 $5,296,000 2764800, 1 15200 5760249 he a 


— — 


Theſe Weights are added together by the following Rule. 

For every 24 Blanks carry one to the Periots, for every 20 Periots carry i to 
the Droites, for every 24 Droites carry one to the Mites, for every 20 Mites carry 
1 to the Grains, for evety 24 Grains carry one to the Penny Weights, for e 
20 Penny Weights carry one to the Ounces, and for every 12 Ounces carry 1 to 


EXAMPLE. 
12 8 / vie Eons Je 
Pounds Oun. Pwts, Gr. Mites Droit. Per, Blanks 
Ro 16 7 9 18 5 17 20 24 
Add Fra [5 7 13 10 14 18 16 
e 160 19 1 -- 20 . 


Total 40 „ 4 3 1 14 2 


* 


—_—_—— 


Now ſeeing that by this Table a Grain contains two Hundred and thirty Thou. 
ſand, four Hundred Parte, or Blanks, ſurely the Commodities that have been ſold 


by theſe Weights muſt have been of great Value, as that they themſelves muſt be 


real Atoms, or at leaſt as ſmall as one particle of the fineſt kind of Sand, But 
this Example I give you more for Curioſity than real Uſe. 3 
By Avoirdupoiſe Weight all kind of heavy Commodities are ſold, as Iron, 
Lead, Braſs, Copper, Grocery Wares, &c. whoſe ſmalleſt part is called a Dram, 
of which 16 make one Ounce, 16 Ounces one Pound, and 112 Pounds one Hun- 
dred Weight, 56 Pounds half a Hundred, and 28 a quarter of a Hundred. 
P. Pray is the Pound Troy, and Pound Awoirdupoiſe equal to each other ? 
M. No. The Pound Avoirdupoiſe is equal to one Pound two Ounces and 
12 Penny Weights, of Troy Weight, and the Pound Troy is but nearly 13 


Ounces 2 Drams and & half of Avoirduphbiſe ; ſo that the Pound Avoirdupoiſe is 


about two Ounces 13 Drams and a half Avoirdupoiſe, greater thau the Troy 
Pound, which is very near a ſixth part of a Pound Avoirdupoile, leſs than a 
Pound Avoirdupoiſe. And therefore fix Pound of Bread, which is ſold by Troy 
Weight, is very little heavicr than five Pound of Butter or Cheeſe, which is fold 
by Avoirdupoiſe Weight. So that thoſe who believe the Pound Troy and Pound 
Avoirdupoiſe to be equal, are much miſtaken ; but, however, though the Paund 
Troy is leſs than the Pound Avoirdupoiſe, yet the Ounce Troy is heavier than 
the Ounce Avoirdupoiſe, for 292 which are the number of Penny Weights in 14 
Ounces 12 Penny Weights, which are equal to one Pound Avoirdupoiſe, being 
divided into 16 equal Parts, each Part will be found to be but 18, and five ſix- 
teenths, which are the Number of Penny Weights in one Ounce Avoirdupoiſc, of 
which the Ounce Troy contains 20. y 

$ N. B. 


41 fy > wt 80 on ks ans Y oY OW. hot 


— 


— Wo. 
* 


. _ of ADDER 
VN. B. The, Hundred Weight Troy, is 100 Ib. the half Hundred 60 Ib. and 


Auarter of a Hundred 25 lb. 
The following is a Table of Avoirdupoiſe weights. 
Drams | roo op S or OG 
| :6|Ounce 


* 


| 25e| 16 Pound 
7168] 445] 28|Quarter-of a Hundred 
14336] 896 56 2 Half a Hundred 5 
| 28672] 1792] 112 EN Hundred 


— .. 


Tr oh 


A Ton Weight 


573440 35840 2240 80 EE 
ö 


4 ———_ — 
* 


. XX. Addition of Awoirdupoiſe Weight. 
Theſe Weights are added „ oy the following Xule. 
For every 16 Drams carry 1 to the Ou 716 

Pounds; for every 28 Pounds carry 1 to the Quarters ; for every 4 Quarters carry 
I to the Hundreds; and for every 20 Hundred carry 1 to the Tons, 


- 


E x AM p I. E. 


A Smith made five parcels of Iron- works 
A : To. H. . P. Oz. Dr. 


Tbe Fourth 27 15 


25 12 9 whole. 
The Fifth 18 17 


11 


Auſwer 65 o 0 5 13, 80 
P. Pray why is this kind of Weight called Avoirdupoiſe ? | 
M. From the French, Have your Weight ; that is, you ſhall have full Weight, 
and therefore the 12 Pounds over and above 100 are added, 
P. Pray is the Troy Pound divided in any other manner than the preceding ? 
M. No: but the Troy Ounce is, by Apothecaries, as follows, wiz, Firſt into 8 
Parts, called Drams, a Dram into 3, called Scruples, and a Scruple into 20, called 


The firſt weighed 7 1g 27 13 14 | 
The Second "We - 14 15 11 I demand the to- 
| The Third 9 Ig I 9 7 15 tal Weightofthe 
2 
I 


f 


Grains; therefore ,- 20 Grains 1 Serupl - 
| | | Tuple, ) whoſe Marks, I 

3 Scruples : Dran, Charact 2 
8 Drams (equal to, Ounce, hens 5 

12 Ounces 1 Pound, mY 15 


Note, That by theſe Weights, Medicines are compounded, but Drugs are 


bought and fold by Avoirdupoiſe Weight. 

From the Pound Troy, all the Meaſures of Capacity were taken; a Pound of 
Wheat filling that which was called a Pint: but in regard to the Difference that 
was found in Wheats, which were ſome of more material Subſtance and Space 
than others, and thereby filled more or leſs Space, as ſome but 286, and others 
288 ſolid Inches; it was therefore ſtated by Parkiament: that 282 ſolid Inches, 
ſhould be equal to one Gallon of Beer Meafure ; and 231 ſolid Inches, to one 
Gallon of Wine Meaſure; and from hence it follows, firſt in Beer Meaſure, 
that 2 Vints make 1 Quart; 2 Quarts one Pottle; 2 Pottles 1 Gallon ; 8 Gallons 

| 5 1 Buſliel; 


4 


nces ; for every 16 Ounces carry i to the 


—— — — 
. 
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1 Buſhel ; 9 Gallons 1 Firkin; 2 Firkins 1 Kilderkin ; 2 Kilderkins 1 Barrol $. 
63 Gallons i Hogſhead ; and 2 Hogſheads one Pipe or Butt; and therefore 


C Pint 0 35 and 1 quarter 
| Quart 70 and 1 half 
Pottle 141 
_—_ Sie _ 
Buſhe . 2155 f 
One 4 FPirkin contains 4 2 428 ſolid Inches, 
Kilderkin 1 4856 
Barrel 9752 
| Hogſhead: 17762 
(Butt 2 


3553 
II. In Wine Meaſure, that 18 Gallons and half make 1 Runlet of Wine ; 42 
Gallons 1 Tierce, or third _ of a Pipe ; 84 Gallons 1 Tertian, or third part 
of a Tun; 63 Gallons one Hogſhead ; 2 Hogſheads 1 Pipe; 2 Pipes one Tun; 


and therefore 
Pint | 28 and 7 Eighths 
Quart 27 and 3 Quarters 
Gallon 
One J Net: C contains 1525 * ſolid Inches. 

Tertian 19404 
Hogſhead 1455 
Pipe 2910 
Tun | 58212 


EXAMPLE I. 
XXI. Addition of Beer Meaſure. 


Ba. K. F. G. N 
. g 1:48 Rule, 
Four Veſſels contain theſe J2 o 3 7 For every 9 Gallons carry 1 
ſeveral Quantities, I de- )4 1 2 6 tothe Firkins; for every 2 
mand the total Sum of the 5 © 2. 7 Firkins carry 1 to the Kil- 


whole. — derkins; for every 2 Kilder- 
: Total 16 © 1 kins carry 1 to the Barrels, 
which add as Integers. 
Note, That altho* 4 Firkins of 9 Gallons each, which are equal to 36 
Gallons, make 1 Barrel of Beer; yet a Barrel of Ale contains but 32 


— 


.. Gallons, 
EXASNFLE HC : 
Four Veſſels contain theſe \ 3 * 93 Rule. 


61 For every 63 Gallons carry 1 

27 to the + fr Lawn ; arg, th 

39 2 Hogſheads carry 1 to the 
— Butts, and add the Butts as 
Total 26 1 54 integers. 


XXII. Addition of Wine Meaſure. 

| Tu. Pip. Ter. Tier. Run. Gal. Qu. 
7% ⁵ 2 T1137 3 Rule. 
tain theſe Quan- f 2 For every 4 Qu. 
tities, I demand > 2 © G i 3 - carry tothe Gal- 
the Total. FF 2 lons; for every 42 
— Gallons carry 1 to 

| Total „i 0 13 2 ts Rule; or 
every 2 Runlets carry 1 to the Tierces ; for every 2 Tierces carry 1 to the 

Tertians, 


ſeveral Quantities, ] de- 7 
mand the Total. . 


W XXIII. Addition of Dry Marre. 


& g 5 
„ _\ , 
+ * 


npptrion 221 


Tertian for every 1 and half Tertian 1.to.the Pi ; for = 
carry 1 t the Tons, and add the Tons as egen. . 7M or 


Note, That 4 Buſhels make one Sack or Comb ; 2 Combs 1 Quarter 14 Fare 
ders one Chaldron of Corn ; 5 Quarters t Wey! 2 Weys 1 Laſt, 


EX AML 1 
Chal. uar. Coinb. Buſh. Gall. 


Collect theſe ſeveral [9 „ „ 2 Z por Rule, 
o 0 2 For every 8 Gallons 
| Sum, i. . = F- 3 5 carry! — Baſkets; 
r. LE” x 7 5 —_— 
| 88 - — carry i to the Combs 
Tut 1 for every 2 Combs 


3 warters ; for ev benen ary 1 to the Chaldrots dd a 
e ls 1 0 | 
EXTAMP IL II. 7 


| Laſts. Weys, Quar. Buſh, Gall, 


Collect theſe ſeveral 1 2 7 For — Gallons 


vantities into one 5 3 - 
WS: carry 1 to the Buſhels; 
e 2 751 ; 3 | —— 8 uſhels 
— carry 1 tothe Quar- 
Total 23 I ters; for evety - WY 
Quarters carry t to the Weys ; for every 2 woche np 1 to 0e Laſts anda 
the Laſts as Integers. 
. - Note, A Chaldron of Coals is 36 Buſhels, and one Hundred of Scotch Coalsy 
112 Pound, Avoirduppiſe. 


| XXIV. Addition of Decimale. X 
Note my the Integer is divided into ten equal Parts. 


It 1 g. 10ths, 
(271 PL Ss 
Col ct theſe ſeveral Quan-; 5 7 7 F W bs 
e 3 or every 10 in the toths carry 
tities together, vis, 2 1 to the Integers, which add as 
| 6 4 before Geog 
| . 
f Total 872 6 | | 


| Note, As in Decimals, the Integer is divided into 10 equal Parts; ſo here i in 


Note, Decimals are uſually expreſſed by having Fractional Parts 271,9 
which i 1 855 |! 


ſeparated from the Integers by a Comm s called a Se pa- 11,7 
ratrix, as in the Margin; 7 whit the aforetaid Example is peeled * 
in that manner. 13 
| 6,4 
709 
; 872,6 

XXV. Addie of Daedicimals. 


Duodecimals the Integer is divided into twelve equal Parts (as the Inches 
in a Foot, or Pence in a are i It is alſo to be noted, that in many 
Caſes not only the 12 205 divided again into 14 Parts called Primes, 
" but each Prime into 12 again, called Seconds, and every Second, in like 
manner, into 12, Which in called Thirds, Sc. which are denoted by 
Daſhes over them, according to their place or Value As for Example, 
10" are expreſſed thus, 100; 10 Seconds, thus, 10%; 10 Thirds, thus, 
* Co : a 1 
"I Colle& 


. r= => rem ehnahs — Ha. vo. 4 a 
0 — - 


4 
1 
1 
46 
4 
'' 


1 | & ADDITION. 
: 15 5 Null. . 54 


10 10 10 11 Tor every. 12 Thirds carry 


| Colle& into one Sum the J g 11 y 10 1 to the Seconds; and the 
following Quantities, viz. "I 5. OP 17 ſame from the Seconds to 


„„ the Primes; and from the 
— -  Primes to the Integers, which 
| Total 29 3 11 3 add as before taught, 


XXVI. Addition of Degrees and Minutes, 

Note, A Degree is divided into 60 equal Parts, called F 

Deg. Min. 

27 59 : Rule. on 
collect into one Sum theſe \ 2 47 For every 60 Minutes carry 
ſeveral Degrees and Mi- < 7 59 1 to the Degrees, and add 
nutes, viz. 42 them as Ls. 


55 1 


Total 57 22 


: XXVII. Addition of Time, 
Note, A Year is ſuppoſed to be divided into 12 equal Months; a Month inte 
4 equal Weeks; a Week into 7 Days, of 24 Hours each; an Hour into 60 | 


Minutes, and a Minute i into 60 Seconds. 
Years. Mon. Weeks, Days. Hours. Min. Sec. 


| Collect i into one Sum theſe 17 It 3 6 17 ES 
ſeveral Quantities of Time, . 5 „ ‚%‚—R m Tt! ͤ mi 8 
ix. 20 9 3 4 ˖ 30 


3 — 
— 


— — 


, — 
- 


Total 84 5 „ 8 n 19 


XXVIII. Addition 271 Sand and Limes _. 
KN ANTI F.. Of Sod, 


| Note, A Load of Sand is 18 heaped Buſhels, - 


Loads. Buſh. 
„ T2 Rull. 


Collect into one Sum theſe, 18 17 For every 18 Buſhels carry 


ſeveral Quantities uf Sand, <1 $ 13 1 tothe Loads, and add them 
VIZ, | . 16 as Inte gers. 


9 


Total 91 12 
1 Of Lime. 


5 Note, 26 Bags, which ought to be one Buſhel, is accounted one Hundred of 
i 


Lime; and in many Countries, 30 Buſhels is called a Load. 

; Hund. Bags. | 
Collect into one Sum theſe |7 2 a 

g 3 r 3 17 For every 25 Bags carry t 

teveral Quantities of Lune, 4 24 tothe Hundreds, which add 


V2, is 22 as Integers, 
„Total 17 o 
Loads. = 
2 | Rule. 


Again, collect into one Sum 1 For | 
every 30 Buſhels carry 
theſe ſeveral Quantities of - 19 1 to the place of Loads, and 


Lime, viz. | L2 18 add them as Ss 


ca YG ED | 


5 8 


* N N * 8 2 3 | "1 5 
. | 23 
FE, _ XXIX. Addition of Bricks. F 5 | 

| Now $00 ris make 1 Lond: - e 1 
Loads. e 8 N — * | ö 


Collect theſe four — 1 Rule. | $. 
ag 3 472 For every 500 Bricks carry: 
ee * * 1 137 to the L and add them 
| —— Ls 1498 as Integer. ne 
* | 


— Total 18 087 
| XXX. Addition of Timber and Pla. 
Note, FRE ſolid Feet make 1 Load. 


; Loads. Feet. 
Collect into one Sum theſe 42 For every 50 Feet carry: 1 
ſeveral 3 of ee 28 to the Loads, and add them | I, 
n 7137 as Integers. tf 
EF WOE F 49 5 CO 


| Total 14 ot | 
Note, That i in the Addition = Planks, 1 Inch in thickneſs, every [600 Feet 
is 1 Load; of 1 Inch and half thickneſs, 400 Feet; of 2 Inches thickneſs, 
300 Feet; of 3 Inches thickneſs, 200 Feet ; and.of 4 thickneſs, 


3 11 30 Feet. 
XXXI. Addition of ſolid Yards. 
| Nos That i in 1 ſolid Yard there are 27 ſolid Feet. | 


Yar ds. Feet. 1 * 

| 3 uh: Rule. 
Collect joto one tein theſe 2 17 For every 27Feetcarry 1 to 
ſeyeral Quantities, wiz, 4 25 theYards,andaddthe Yards > 
. Dus 7 AE ee 5 26 as Integers. - ö 

Total 17 | 13 ö 

| XXXII. Addition of Money. | 

© Note, That I. ſtands for Pounds ; 5, for Shillings; d. for Pence; a qr. for -" i 


Farthings ; with reſpect to Libra, which ſignifies a Pound; Solidus, a Shil- 


ling; Denarins a IT ; and Ruadrans, a Farthing. | 
„ Nule. | 5 
; | | F For every 333 er. 4 7 
16 "© -* 1 to the Pence; or 1 
(Clledino ones un Ros < 12 ; ; 3 every” 12 Pence carry 1 to 
bu 15 19 11 2 the Shillings; for every 
123 16 7 3 20 Shillingscarry 1 tothe 


Total 178 18 1 1 tegers. 


As J have thus gone through the Addition of all that is neceſſary, I ſhall there - 
fore conclude this Lecture with obſerving, 
1. That a Load of Earth is one ſolid Yard. 
2. A Hundred Weight of Nails, Iron, Brafs, &c. is 112 Pound. : 3 . 
3. A Hundred of Deals or Nails, fix Score, or 120. _ 
4. A Bundle of 5 Feet Laths, 100; and 4 Feet in Length, 120, which mould | f 
be 1 Inch and half in Breadth; aid half an Inch in thickneſs. 
$- A Fodder of Lead, is 19 Hundred and a half, or 2184 Pounds Avoirdupoiſe. : 
A Bale of Paper is ten Reams ; a perfect Rear, 20 Quires, or 500 Sheets ; ..- 
1 perfect — 25 Sheets. . | 
k 


1 Pounds, w ich add as In- | 
| 


D2 7. A 


4 Of ADDITION. 


| T Ib. roths, 
A ſolid or Cubick Foot of fine Gold, weighs — . 1382 4 
7 D tto of Standard 2 ä 2 — — — % 
Ditto of Quickſilver —— — 874 9 
Ditto of Lead —̃ͤpſ — — 7 
Ditto of fine Silver — — bg; I 
Ditto of Standard Silver — — — 65 | 
Ditto of Copper — — 562 1 
Ditto of Braſs ——— — 521 8 
Ditto of Caſt Braſs = — —ͤ 500 0 
Ditto of Steel — —.(—» 1 490 7 
Ditio of Iron — — — (17 5 
Ditto of Tin — — — 457 1 
Ditto of Marble | — — 196 3 
Ditto of Glaſs — — ( Q— 1061 2 
. Ditto of Alabaſter | _ — 
| Ditto of Ivory — — 1139 
Ditto of Clay moderately moiſt — 12 0 
Ditto of ſandy Gravel of common Moiſture 96 © 
Ditto of Sea Water | ä — — | 64 1 
Ditto of River Water — — 62 ; 


Ditto of Dry Oak — — — — 57 
8. A circular Foot contains 113 ſquare Inches, and one ſeventh of an Inch; 
that is, there are ſo many ſquare Inches in a Circle of one Foot Diameter, 
which I call a cirealar Foot, for the ſame reaſon as a ſquare Foot, which 
makes a ſquare Figure, is called a ſquare Foot. : 3 | 
9. A ſolid or Cube Foot, is 1728 ſolid Inches, that is, 12 Times 144, the - 
ſquare Inches in a ſquare Foot, | 3 
10. A Cylindrical Foot is 1573 ſolid Inches, and two ſevenths of an Inch; 
> is, 12 times 113 and one ſeventh, the ſquare Inches in a circular 
oot, "44 
11. A Cylindrical Foot of Sea Water, is about co Pound and a half, and 
freſh Water, about 49 Pound and one tent. 


| LECT. III. Of SuszTrRAcTIOoNn. | 
- Subtraftion is a Rule for finding the Difference of any two Numbers, by 
taking or drawing the leſſer from the greater, whereby the Difference 
or exceſs (which is called the Remainder)-will appear. N ; 
P. Pray what is particularly to be obſerved herein? | ; 
M. To take care that yon always place the leſſer Number under the greater, 
and that the Units, Tens, Sc. of the Subtrahend, be placed under the Units, 
Tens, Hundreds, Sc. ot the given Number. * | 8 
Pc which of the two Numbers are the Subtrahend, and which the given 
ur | | 
M. The greateſt is the given Number, and the leſſer the Subtrahend, as this 
Example makes plain. | | | 


I. Sabtadlion of Integers. 85 
| 5 ExXAM TIE I. 
Place your Numbers as in the Margin, and be- From 87 the given Number, 
ginning at the right hand, lay, 1 from 7, there take 21 the Subtrahend, 
remains 6, nd 2 from 8, remains 6 | — SI” ET 
Note, if in Subtracting, any want ſhould hap- rem. 66 the Difference or 
pen, then borrow 10 from the next Place, Exceſs 
and for every 10 ſo borrowed, carry 1 to | 
—— feng age le 


% — 


Operation 


# ” 


18. Operation. 
| 13 ſecondly, 
. 4 4 from 12 1. borrowing, 10, makes 
. the 2, 12) and there remains 8; third- 
1 ly, 1 1 borrowed, and 6 is 7, from 
I cannot, but (borrowing io as be- 


13 7 from 15, reſt 8. eee 


ſo the remains is 1981. 


P. Pray how hall I #now when Subtra#ttion is truly 
| M. Alf kinds of Subtraction are roved, by adding the Subtrahend and Remains 
| , given 


together, which will be equal to 
performed. As for example, if 5543, 
the Subtrahend, de added to 1881, 
the remains, their Sum will be 7524, 
as in the Margin, which being _ 
to the given Nambery the Subtra 
is therefore N performed. 5 


* — —__ wr _—_— 
F 
* 


From 847213 
take 430107 
| | remains 108016 


Proof 547213 45 


Exaneis L 

a pas 7. 

From 1 3 
take 17 1 5 WY 
2 1 


rem. 2 
* 


Proof 19 11 
| EXAMPLE 
F J. 1 + 
rom 275 ᷣ 5 1 
take 199 19 3 


$9 


7. 
2 
3 


3. 


rem. 75 
Proof 27; 


ExanerLs I. 
Inch. 10tlis. 

From 372 9 

take 245 og 


rem. 127 0⁰ 
Proof 372 og 


i. ef 


Proof 


0 SUBTRACTION. 
Firſt, 3 from 4 remain 
4 from 2 1 bannt, but 


— 


Other Exanples for datt. 


II. Subtraction of Money. 


From 
rem. 94 


5 : 

In theſe laſt two 3 at the Farthings you borrow 4, and carry 1 to 
the Pence, becauſe 4 Farthings make one Penny ; at the Pence you borrow. 12 
and carry 1 to the Shillings, becauſe 12 Pence make 1 Shillin 
Shillings you borrow 20 from the Pounds and carry 1 to the Pou 
* make 1 Pound. The Pounds you ſuhtract as Integers, 


III. Subtra#ion of Inches and 10ths, © 
| EXAMPLE II. 
Inch. toths, 
From 342 
take 213 9 
128 6 


— ͤ öbé—ñ— 


8 


bought e he — FI 
7524 
ll ae remaining 


* Anſwer 1887 remain. 


=p e 


* 


ned? 
umber, if the — * r 


7524 given Number 
E — 25 


1881 remains. 
7524 Sum of given No n 


From 77254327 
take „ 


- remains 152555625 | 
— — 


Tj 


Proof 772543279 


* 
e 
o 
a OE ERR - - 


EXAMPLE II. 
FA 4. d. 19% 
From 272 19 10 
take 229 15 9 
3 
19 
"EXAMPLE W. 
J. So 4. 
1 
32 1 


Y- 


1 


Proof 272 


- 


» 
os 4 
1 2 
; C3 
7 * 
8 * 


| take 


\ 4 


Proof 927 8 7 T 


; and at the 
W 20 


* 
> FCC E ͤ end 


i 


Exp II. 

Inch. roths, 
From 71 2 

take 225 9. 


5 
- 7 ne . 


rem. 245 3 


342 $ Proof 971 2 


re, 


_ ! 
4 * 
— 905" wean a 


=] - 0 SUBTRAGTION. 


| 5 N Hlere, at che toths; you borrow ot AS EE x ee, 
| youu 10 A Inch. | 
| | IV. Subtr6Bion of Fre ai Inches. | 
Exaurin 1. Exanez II. ExaneLs III. 
Peet. inch. Feet. Inch. Feet. Inch. 
5 From 259 3 From 972 3 From 999 
1 | se 7 , take 777 1 
— 1 of * 1 1 : —— —— 
| rem. 61 6 ö | rem. 806.8 8 . rem. 221 ee 
» — N i 


mon ay IR Proof 972 3 5 
Here, at the nches, you borrow 12 Inches, or 1 E the Feet, nd | 
the Feet, becauſe 12 Inches make 1 Foot. 4 


earry 1 to 
V. Subtredlion of Decimal. 5 
eee 1 . e II. EAurrE III. 
From 217,9 From 254,8 From 20, »PàMm 
take 206, take 1234, 9 —/ take $61,97 | 
rem. o11, 4 rem. 15 19,9 5 167,05 | : 4 
Proof 21 59 Proof 274,8 Proof 129,02 , 


Here you ſubtract the whole as Integers, 


VI. Subtraftion of Daodecimbah* 


P. Pip what are Duodecimals ? 
M. Duodecimals ſignify twelfths, and as theſe Examples are of Feet, Inchel, 


and Parts, you are to obſerve, that the Inches are each divided into 12 Parts, * 
ſame as the Feet are divided into 12 Inches. | 


- ExaneLE I. ExameLE II. ExAMrTE. III. 5 
Feet. Inch. Parts. Feet. Inch. P arts, 8 Feet. Inch. Parts. \ 
From 12 7 3 From 92 9 9 Frem67 2 9 N 
take . N take 73 11 11 take 27 10 10 
rem. 4 7 4 rem. 18 9 to rem. 39 3 11 


Proof 12 7 3 Proof gz - 9 | Proof 67 2 
Here, at the Parts and the Inches, you borrow 12, and carry 1 to the Inches, 
and to the " becauſe 12 Parts make 1 Inch, and 12 Inches 1 Fot. 


VII. Subrraion of Yards, Feet and Inches. 


Ex AMpl I,  Exameiet II. Exam in III. . 
Yds. F 185 Inch. Yds, Feet. Inch. Yds. Feet. Inch. 
From 127 ann, n nn 
take 97 8 11 take 43 2 9 take 99 2 10 
rem. 29 2 8 rem. 28 x 6 rem. 72 o 7 
Proof 127 . Proof 72 1 3 Proof 172 9 4 


Here, you borrow 12 at the Inches, and carry 1 to the Feet, and barrow 3 at 
8 and carry 1 to the Yards ; a 12 inches make 1 Foot, ang 3 Feet t 


* 


2 $ k 
+ af: « Þ | 


VIII. 


* — 
. —— 9 4 
— - = 1 
a - 
—— > 
33% ———— —-—¾e 244 
* 


* 


* | SUBTRACTION. 


2 
, * 
. —- 


| VIII. Sebtraftion of. Cloth Meqſure 
Fange ek EXAMPLE II. | e 
oo | ds. Qurs. Nails. R TY Nala 
| . rh From 279 27 1 From 127 2 
eie z . eee ee 3 3 
| mo He 3 rem. 58 2 3 rem. 30 * 3 
Proof 527 Proof 270 2 1 Proof 17 3 2 


Here, at the Nails and at the *Quarters, you EV: 4, and carry 1 to the 
Quarters and tò the Yards, becauſe 4 Nails make 1 Quarter, and 4 Quarters 1 Id. 


IX. Subtraflion of Flemiſh Meaſure. 


ExauPLle HI. 


Exaurrz 1. 
| Ells. Inch. 


From 2794 21 
take 1372 


rem. 1924 23 


Proof 2704 Proof 37255 18 Proof = 22 
Here, at the been; you hartber a7 and carry 1 to the Milky, uſe 27 Inches 
make one Flemiſb Ell. ; 
KX. SubtraHion of Engliſh * 
Example IJ. ExanPLE II. EXAMPLE III. 
Ells. Qurs Nails. Elle. Qurs. Nails. Ells. Qurs, Nails. 
From 772 2 1 From 987 2 3 wm 888 2 
take 666 4 3 n 4 4 take 699 4 3 
rem. 105 2 2 rem. O74 >. rem. 188 3 3 
Proof 772 2 1 Pee 987 2 3 Proof 888 3 2 
Here, at the Nails, you borrow 4 and carry 1 to the Quarters, becauſe 4 Nails 
make 1 Yard. At the Quarters 5 borrow 5, and carry 1 to "ma — becauſe 
$ Quarters make one 2 El 
l. Subtrattion of Fathoms and Fer. 
ExaMPLE I. ExaurrE II. Ex AME III. 
Fath. Feet. Fath. Feet. Fath. Feet. 
From 729 4 From 999 3 From 3279 4 
take 499 > take 777 4 take 1999 5 
rem. 229 5 rem. 221 5 rem. ory 85 
Proof 72 "Proof 999 3 . 
Here, at the Peet © you Berber 6, and carry 1 to che Fan a cauſe 6 Feet | 
make 1 Fathom. 


XII. Subtrafion of Statute Poles. 


ExameLEt I. - 
7 Poles. Feet. 
rom 729 14 
take 666 15 


rem. 2 


Proof 729 14 
and 3 : make 1 Statute ole. 


MPLE II. 


Ells. Inch. 


From 37295 18 
take 27532 20 
— 


rem. 09722 25 


ExauMp TIR II. 
Poles. Feet. 


From 987 


take 599 - 


5 


— — — — 


134 


rem. n. 387 


Proof 


4 


987 13 
Here you barrow 16 Feet and j from the _ and carry 1, IG Feet 


Ells. — 1 


From 32594 
take 12345 


23 


— — — 


rem. 20248 


26 


8 m. 


Poles. Feet. 


From 3729 
take 1999 


12 


15 


rem. 1729 


134 


—— ̃— — 


Proof 3729 


Fg 


XIII. 


23 Of SUBTRACTION: 


he XIII. Serie of Woodland Poles, | 
Exanris I: | Exanyrs II. Hanf III. 
Poles. Fe 8 Poles. N Tloles, Feet. 
K | - From 27 1 From 299 3 hs 
- take 19 15 take 199 1 
rem. 272. 5 rem. 78 14 3 5 
: AR „„ 1 ; 
e 
re you borrow 1 t oles, ani car I, uſe 1 cet i 
Woodland Pole. Ai | 
XIV. Subtraftion of Poreft Poles... 
1 L _ Exameis II. Exanyre III. 
oles. Feet, Poles, Feet, | Poles, Feet. 
From 1234 15 From 222 10 From 777 13 
take 788 20 take 211 20 a take 237 19 
rem. 445 16 rem. o1o 20 . rem. $39 15 


— ëö ö 
Proof 1234 15 Proof 222 19 Proof by” ? 
Here you borrow 21, and carry 1, becauſe 21 Feet make 1 oed pole. 


XV. Subtraction of Chains and Links. 
ExamPLE I. ExaneLs de Exautrz. III. 
Chains. Links. Chains. Links. Chains; Links. 
N 7 66 From 27 85 From 279- 88 *© 
take 37 98 take 19. 99 take 175 ᷣ 94 . 
rem. 36. @. & rem. o) 86 „ 13 94 
roof 72, 6g. Proof 27. 85 Proof 279. 88 x 
8 rrow N 1 as in Integers, becauſe 130 Links make 1 
. XVI. Sabtrafion of Miles, PFurlongs, Chains and Pojes. 75 
ExaurTE I. ExamrrE II. Exaners III. | 
Mi. Fur. Ch. Po. Mi. Fur, Ch. Po. Mi, Fur, Ch. Po. 


From; 2 5 2 From 29 1 3 1 From 127 6 5 2 
take 5 7 9 3 take 14 7 3 take "99:7 9. 


23 ri? 2 5 3 rem. 16 4. 8 2 rem. 27 6 $3; 
„ a ; Proof 29 4. 5 2 . Proof'za7; & c 2 
Here at the Poles, you borrow 4, at the Chains you borrow 10, at the Furlongs 
R you borrow 8,'becaule 4 Poles is 1 Chain, 10 Chains is 1 Furlong, and 8 Fur- 
ongs.1s 1 Mile. 


XVII. Szbtrafion of Degrees, Leagues, Miles, and PFarlongs. 


EXAMPLE I. ExAmPLE II. ExAMPLE' III. 
4 Deg: Lea. Mi. Fur. Deg. Leg. Mi. Fur. Deg. Lea. Mi. Fur. 
| - From 27 ry „ | From 287 18 2 From 209 15 25 
| take 14 19 2 7 take 99 18 2 take 21 19 2 7 
rem. 12 16. 15 rem. 27 13. n 7 rem. oy 15 2: 6 


Proof 27 15 1 4 Proof 12) 12 1 Proof 29 1 | 
Here you borrow 8 at the Furlongs, 3 at the Miles, and 5 at the 1 


breauk 8 Furlongs make 1 Mile, 3 Miles 1 League, and 20 Leagues 1 _— 1. 


of SUBTRACTION. 


XVIII. Subtradtion of Degrees, Minutes, and Seconds. 
| ExaneLe III. 


ExAMPLE I. EXAMPLE II. 
Deg. Min. Sec. Deg. Min. Sec, 
From 102 40 49 From 221 47 23 


take I 
4 42 55 


Proof 102 40 


rem. 


Hour. 


1 I. 
Feet. Inch. 
From 729 19 
take 672 141 


rem. 56 22 


Prove 729 19 


take 127 53 47 


1 


rem. 93 51 36 


Proof 221 47 23 
Here at the Seconds and at the Minutes you borrow bo, and carry one to the 
Minutes and ä 6 Seconds make 1 Minute, and 60 Minutes x 


ExaneLe II. 
Feet. Inch. 
From 927 075 ' 
take 526 135 


rem. 400 o84 


Proof 927 75 


5 


Deg. M. Sec. 

From 28 47 49 
take 19 49 

Lem. ese £7 56 


e 28 47 


XXI X. Subtraction of ſguare Feet and fquare . ü 


49 


ExAurE III. 
From 585 139 
take 274 141 


rem. — 0 


Proof 
Wha that 144 


Here at the Inches you borrow 144, and __ I to the Feet, 
Inches make 1 ſquare Foot. 


XX. Subtraction of ſquare Feet and long Rider, 
ExameLE III. 


Ex aAMrIE J. 
Feet. Incli. 

From 127 7 

take 93 11 


4 


rem. 33 8 


Proof 12 


Here at the 3 you borrow 12 and carry 1, becauſe 12 long Inches (which 


Ex AMpLE II. 
Feet. Inch. 

From 271 og 

take 136 10 


rem. 1 34 7 


Proof 271 5 


Feet. Inch. 


From 555 of 


take 449 
6 


rem. 105 


10 


Proof 555 04 


are each 12 Inches long and 1 wide) make 1 ſquare Foot. 
XXI. Sabtraction of ſquare Yard Meaſure, 


Here at the Feet you borrow g and carry 1, becauſe g ſquare Feet make 


1 Rees Yard. 


EXAMPLE I, 
From 45 21 
take 36 26 


— —— 


rem. W wn 22 


Proof 4 


Here at the Par you borro 
ſolid Yard, 


„„ Exiuris b. ExAmPLE II. 
* Yds. Feet. Vds. Feet. 
From 8 27 From 92 3 
take 51 8 take 7 7 
rem, 2x 8 rem. 34 4 
5 | 
Proof 73 Proof 92 


ExAmPLE II. 
From 72 20 
take 49 25 


rem. 22 22 


Proof 72 


E 


EXAMPLE III. 


Yds, Feet. 
From 27 5 


take 18 g 


rem. 08 6 


Proof 27 | 5 


XXII, Subtradt ion of ſolid Yards. 


ExamMPLE III. 


From 9; 19 


take 96 at; 


rem. 00 22 
— ——— 


Proof 97 1 


w 27 and envy 1, becauſe 27 wh Feet make 1 


- es — — 
. ˙ EE OO OS EE adi, A 
> 


1 
1 
L 
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XXIII. Subtrafion of Squares, at of Flooring, c. 


ExAurL E I. ExAMPLE II. ExAMPLE III. 

g Squ. Feet. .._._ $qu. Feet. Squ. Feet. 
From 25 98 From 29 11 From 127 86 

take 15 99 take 21 75 take 97 99 
rem. 9 99 f rem. 7 36 rem. 29 87 
Proof 25 98 Proof 29. i ee ah 


Here at the Feet you borrow 100 and carry 1, becauſe 100 ſquare Feet make 
1 Square of Work, as of Flboring, Roofing, Tyling Sc. 
XXIV. SubtraTion of Land Meaſures, I. Of ſquare Statute Poles, 


ExAurLE I ExameLE II. ExameLE III. 
Poles. Feet, Poles, Feet. Poles. Feet. 

From 192 120 From 275 51 From 123 270 

take 72 152 take 223 127 take 99 271 

rem. 119 240 rem. 51 196 rem. 23 271 

Proof 192 120 Proof 275 1 Proof 123 270 


Note, That although a Statute ſquare Pole contains 272 ſquare Feet, and one 
Quarter, yet in theſe Examples the Quarter of a Foot is rejected, as it 
uſually is in Buſin '-, and the {quare Rod or Pole is allowed at 272 ſquare 
Feet only; itheretuc at the Feet, burrow 272 and carry 1. 7 | 


II. Of Woodland Poles, | 
ExAMPLE III. 5 


EXAMDLE I. ExXAMPLE II. 
Poles. Feet. Poles, Feet. . - Poles, Feet. 
From 56 311 From 217 199 From 279 138 
take 36 320 take 120 220 take 172 219 
rem. 29 315 rem. 96 303 rem. 106 243 
— — — — — — — 


Proof 279 138 


Proof 76 311 Proof 217 199 n 
N becauſe 324 ſquare Feet make 


Here at the Poles you borrow 324 and carry 1, 


1 Woodland Pole. 
III. Of Foreſ Poles,” 
ExaM LE I. ExaMpLE II. ExamPLE III. 
Poles. Feet. Poles. Feet. Poles. Feet. 
From 82 399 From 594 322 From 123. 138 
take 71 439 take 437 442 take, 75 375 
rem. 10 40 rem. 156 323 rem. 47 204 


Proof 82 309 Proof 594 322 | Proof 123 138 
Here you borrow 441 and carry 1, becauſe 441 ſquare Feet make 1 ſquare 


Foreſt Pole. | 
XXV. Subtration of Acres, Roods and Poles. 
_ ExamPLE II. ExamprE III. 
Acres. Rds, Poles, Acres. Rds. Poles. 
From; n mm ©. 29 
take 18 3 38 take Fit: 3 36- 


— 


rem. 8 , 19 rem. % 1 24 - 


ExAMPLE I. 
Acres. Rds. Poles. 


From 129 2 31 
take 93 3 39 


„„ 


— 


a 


Proof 120 1 19 
4 and 
carry 


Proof! ray 2 3 Proof 27 1 27 
Here at the Poles you borrow 40 and carry 1, and at the Roods borrow 


make 


1 one 


juare. 


nake 


uare 


„„ 


- Of SUBTRACTION. 37 


carry 1 to the Acres, which ſubtract as Integers, becauſe 40 Poles make 1 Rood, 


and 4 Roods 1 Acre, 
XXVI. Subtraction of Trey Weights. 
-ExameLe I. _ ExanpLE II. ExamPLE III. 
lb. Oun. Pwt. Gr. Ib. Oun. PWt. Gr. Ib. Oun. Pwt. Gr. 
From $6 9q 14 T ar '8- 19 123 From 327 £8: 8 
take 17 11 Ig 18 take17 10 19 14 -take 83 10 17 13 


rem. o 9 14 23 rem. oz 9 18. 22 rem. 43 6 7 17 


— —-— — 


Proof 25 9 14 17 Proof 21 8. 37 i Proof , 08 


— — ͤ ͤ——„—-— — — 


Here at the Grains you borrow 24, at the Penny Weights 20, and 12 at the 
Ounces, becauſe 24 Grains make 1 Penny Weight, and 20 Penny Weights 1 
Ounce, and 12 Ounces 1 Pound. | 


XXVII. Subtrafion of Apothecaries Weights. 


-  Exanein I. ExAMPLE II. | 
- Ib.Oun.Dr.Scr. Gr. Ib. Oun, Dr. Scr. Gr. 
From i 0 *4 From 127 he: 
take 9 it 7. 2 19 take 99 10 7 2 18 
CC 16 rem. 27 6 3 1 19 


—— 


— — —— — — 


Proof 12 * 4 I 15 Proof 127 4 


Here at the Grains yon borrow 20, at the Scruples 3, at the Drams 8, and 
12 at the Ounces, becauſe 20 Grains make 1 Scruple, 3 Scruples 1 Dram, 8 
Drams 1 Ounce, and 12 Ounces 1 Pound. 


XXVIII. Subtra#ion of Aupirdupoiſe Weights. , 2 
ExAMPLE I. ExAMPI.E II. 
Hun. Qurs. Ib. Oun. Dr. Hun. Qurs. Ib. Oun. Dr. 
Feen,, 1 1 40 From 2 1, 3-08 
take 21 3 27 15 18 take: 17 - 43 #4 14 3 
ren, 0 2. 21 137 rem. 7 1 % '8- ug 
Proof 27 2 31 44 26 : Proof 25 F 5 


6—— 


Heng at the Drams and at the Ounces you borrow 16, at the n 28, and 
4 at the Quarters, becauſe 16 Drams make 1 Ounce, 18 Ounces 1 Pound, 28 
Pounds 1 Quarter of a Hundred, and 4 Quarters 1 Hundred. 


XXIX. Subtraction of Beer Meaſure. 


ExAurLE I. EXAMPLE II. 

Bar. Kilder. Fir. Gall. Quarts Hog. Gall. 
From 27 1 From 22 57 
take 18 7 1 3 take 18 02 
. e s e923 rem. 03 58 
Proof 27 0 © TOE Proof 22 57 


In Example I. borrow 4 at the Quarts, 9 at the Gallons, 2 at the Firkins and 

at the Kilderkins, becauſe 4 Quarts make 1 Gallon, 9 Gallons 1 Firkin, 2 Fir- 
kins 1 Kilderkin, and 2 Kilderkins 1 Barrel. 

;--— inc II. at the Gallons pena 63, becauſe 63 Gallons make 1 Hog. 


'E 2.7 | XXX. 


3 ͤ H $DBTKACTPEON. 
XXX. Subtrafion of Wine Meaſures. 3 


FxAurLE I. ExAM LE II. 
Tuns Pipes Tier. Gall. Tuns Pipes Tier. Gall. 
From 57 © 1 48 V 
take 52 1 2 40 take 15 B 
rem. 4 © 1 37 em. 4 O 2 28 
—: t. s Proof 20 o 1 27 


Here at the Gallons you 8 42, at the Tierces 3, and 2 at the Pipes, 
becauſe 42 Gallons make 1 Tierce, 3 Tierces 1 Pipe, 2 Pipes 4 Ton. 


XXXI. Subtradtion of Dry Meaſure. 
EXAMPLE. 


Quarters Sacks Buſh. Pecks Gall, Quarts. | 
From 50 © 2 2 o 2 
take 39 1 3 3 ES 

3 


— 


rem. IO 0 2 2 O 


„ — © 


Here you borrow 4 at the Quarts, 2 at the ee 4 at the Pecks and EM 
and 2 at the Sacks; becauſe 4 Quarts make 1 Gallon, 2 Gallons 1 Peck, 4 Pecks 


1 Buſhel, 4 Buſhels 1 Sack, 2 Sucks 1 Quarter. 


: XXXII. Subrracttion of Timber. | 

EXAMrix J. ExamPLE II. Ex AMpLE. III. 
Loads Feet Loads Feet Loads Feet 
From 123 44 From 57 38 From 75 38 
take 117 49 tale 6 9; take 25 47 
rem. oo 45 rem. 0 49 rem. 49 41 
Proof 123 44 | Proof 57 28+-_ + -- Proof 75 | 38 


Here at the Feet you borrow 50, 3 1 Load of Timber contains 50 ſolid 


Feet. 
XXXI1. Subtraction of Plank 1 Inch thick. 
Note,. boo Square Feet at one Inch thick, make 1 Load. 


Exawmyr I. ExAMeLE II. ExaMLE III. 
Loads Feet Loads Feet + Loads Feet 
From 127 425 From 372 472 From 725 500 
take 38 599 | take 263 828 take 632 584 
rem. 88 426 rem. 108 547 rem. 092 516 
Proof 127 425 Proof 372 472 Proof 72 5 500 


— 


Here at the Feet you borrow 609, becauſe 600 Feet make 1 Load, as aforeſaid. 
Note, If the Thickneſs of Plank be 1 Inch and half thick, then borrow 400 
if two Inches thick, borrow zoo; if three Inches thick, borrow 200; and laſtly 


"If Tg Inches borrow 1 50, | becauſe 


400 t Inch and 4 thickneſs 
300 2 Inches make one 
„ 3 Inches Load of 


1500 4 Inches Plank, 


XXXIV. 
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XXIV. Subtraftion o 2 


” Note, 500 make 1 Lo: | | 
a ExaMeTLx I. „ EXAurrE II. ExAurLE III. 
Kh Loads Bricks Loads' Bricks Loads Bricks 
From 27 491 . From 14 057 From 23 372 
take 13 499 take 21 451 take 14 428 
rem. 13 492 rem. or 106 rem. os 444 
oF Proof 7 497, Proof 14 O57 Proof #3422 
Pipes | 
Zh Here at the Pla Place x of Bricks you borrow 500, and carry 1, * 500 Bricks 
makę 1 Load. 
XXXV. Subtradtion of Lime. 
EXAMPLE I. EXAMPLE II. __ _ExamerE III. 
. Hund. Bags Hund. Bags. Hund. Bags 
; From'27 19 From 22 19 From 18 15 
take 14 24 take 17 21 take 11 21 
. rem. 12 20 rem. 4 23 rem. 06 19 
. | Proof 27 19 Proof 22 19 : Proof i 'tg | 
Peck t Here at the Bags you borrow 25 and carry 1 becauſe 25 Bags (which ought to 
BY 4 be a Buſhel each) make a Load of Lime, ; P: 4 
4 | EY XXXVI. Subtrattion of Sand. 3 
: | EXAMPLE I. Ex aur E IL ExaMpLE III. 
Loads Buſh. Loads Buſh, Loads 3 | 4 
From 18 16 From 21.” 11 From 29 1 
take 15 17 take 20 16 taks 25 ws 
rem. o2 17 rem. 09 13 "ret. 048 e 
Proof 18 16 Proof 22111 Proof 29 12 | 
. | , e e i . : ES Hare , 
er | XXVII. Subrradtion of Time. ; | 
; EXAMPLE. | 
Months Weeks Days Hours Min, Seca 
F 122 2] 53 
% „ R 
e 6 22 „ 54 
Proof 11 2 120 2120 41 63 ; ö 
M. As I have now given you a ſafficient Number of Examples of all the va- 
rious Kinds of Buſineſs in general, and which I think are much more copious 
eeſaid. than has been yet taught by all the Maſters that have wrote on a 1 
400 — now proceed to Multiplication. 
laſtl 
7 - EC | Of MouLTIPLICATIONs 
What ts Multiplication ? 
+ AM. By Multiplication is meant an Increaſe, and therefore to multiply is to 
increaſe from a ſmall Number to a greater ; and which be; eing conſidered, is no 
r more than the adding of divers Numbers tagether. | ; 0 


"Foe | 


. OE 35 
4 # 


* 0 #\ : : : 7 U 5 = 44 
„„ Of MULTIPLICATION.” _ .- 
7 Forif 3 times 7 be added together the Sum is 21, as in the Margin: And 
7 if z be multiplied into 7, the Product is 21 alſo. Hence tis plain that Mul- 
7 tiplication is nothing more than a compendious Manner of adding Numbers 
— together, and therefore may be called ſhort Addition, I WD 
21 . Pray, what is principatly to be obſerved herein ? 1 
— M. Three Numbers or Members, which are called the Multiplicand, the 
Multiplicator or Multiplier, and the. Product. is | 
P. Pray, what is the Multiplicand, Multiplier, and Product? 5 
M. In every Multiplication, there are always two Numbers given to be mul- 
tiplied into each other, which are called the Multiplicand and the Multiplier, or, 
Multiplicator, either of which being placed uppermoſt is called the Multiplicand, 
| and the lower the Multiplier ; as for Example, if 8 be multi- 
A 8 Multiplicand plied into 9, as at A, then 8 is the Multiplicand and 9 the 
g Multiplier ultiplier; or if 9 be multiplied into 8, as at B, then 9g is 
er the Multiplicand, and 8 the Multiplier, and the Number 2, 
72 Product ariſing by g times 8, and by 8 times , is called the Product. 
— But however as it is beſt to make the greateſt Number of the 
B 9 Multiplicand two the Multiplicand, therefore it is moſt uſually done, ob- 
8 Multiplier ſerving to place the Units, Tens, Oc. of the Multiplier, un- 
f der the Units, Tens, Sc. of the Multiplicand. | 


7 


72 Product | 
5 | T. Multiplication of Integers. 
P. How is Mulnplication performed ? | 


M. The Multiphcation ot Integers is performed by the following Rules. 

ER Neri Hh | 

Write down the Multiplicand and Multiplier under each other as aforeſaid, 
and draw a Line under the Multiplier to ſeparate it from the Product, that ariſes _ 


from its firſt Figure. | 
; RU LE II. 


Multiply every Figure of the Multiplier into the Multiplicand, obſerving as you 
proceed to ny one {or every Ten, to the next Place, and ſet the Remains under 

i, and the Products arifing from the ſeveral Figures of-the Multiplier being added 
together, their Sum. is the general Product of the whole Multiplication. | 


RurLe III. | 1 
When the Multiplier conſiſts of many Figures, as in the following Example, 
the Product ariſing from each Figure is to be placed by itſelf in ſuch manner 
that the firſt or right hand Figure thereof may ſtand under that Figure of the . 
Multiplicator from which the ſaid Product ariſes, IE 
Theſe will be made familiar by the following Example. 


ExameLe. Multiply 7254, by 7349, which place as in the Margin. | 
| Begin with 9 the firſt Figure of the Multiplier, and thereby 


7254 multiply alkthe Figures in the Multiplicand as follows. Firſt ſay x 
7349 9 times 4 is 36, ſet down 6 and carry 3, for the three Tens; 
then ſay g times 5 is 45, and 3 I carry is 48, ſet down 8 and 
65286 A carry 4; theng times 2 is 18, and 4 I carry is 22, ſet dowy 2 _ 
and carry 2; then g times 7 is 63, and 2 I carry is 65, which | 


. 


29016 B 
21762 C being the laſt in the Multiplication therefore ſet down 65, and. 
50778D that Product will be 65286, as at A. Proceed in the fame man- 
ner to multiply the remaining three Figures of the Multiplier, 


$3) 309,646 4, 3, and 2, into the Multiplicand, and their Products will be 
as at B, Cand D, and which with that of A, being added to- 


— — — — 


gether, will be 53,309,646, the Product required. 
a Rull IV. 

When Numbers given have one or more Cyphers at the right Hand, the Mul- 
tiplication may be performed, without Regard being had to the Cyphers, until 


Fl 


* 


the Product of the other Figures be found, to which they are then to be annexed, 


* 


(2 ; : k 1. 8 
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. % „ 
2790 , as at B; 2 Is + 2% 
* C; which being placed as 1 the . and dio A 
E Multiplication of the ſignificant Figures being —— 
FR made, without any Regard being had to the Cy- 102]o 
8 pPhers; unto the Sum of their Products, annex or * 
add thereto as many Cyphers, as belong to both 70 B 
5 Multiplicand and Multiplier : ſo to 102, in Ex= goo 
vi ample A, you add one Cypher, making the Product — - 
l, ; _ 1020: and in Example B, to 1395, the Produce 1395 
uf 1 22 multiplied by 5, you add 3 Cyphers, ; | 
„ which makes the whole 1395000 ; and ſo in like manner 838 3 
WS, by the Addition of 3 Cyphers, belonging to the Multiplicand, the Product is 


- made 25000. - - 
"yY Ryu IE V. 


« When Multiplication has any Cyphers intermixt with its 
. other r the Cyphers need not be regarded; as for In- 92745 
2 ſtance, the Product 18 56476665, is produced by the Products 20017 
; at A, B, C, which ariſes by the 7, 1, and 2 of the Multiplier, 
multiplied into the Multi bean, without regard being had to A 649215 
the Cyphers in the Multiplier. B 92745 
| a | C 185490 


1856476665 


„ In Multiplication it is of very great uſe to know readily the Product of 
WE two of the nine Digits or Figures ; for which Purpoſe this Table muſt be learat 
perfectly by Heart. | | 
| | Mv1.TIPLICATION TABLE, 


—H— —— 


oF | _ | 
| e if 2 3] 4| 5| 6| 7|8] gf cal} - 


- 


„ The Uſe of this Table is eaſy. 3 
YF Suppoſe the Product of 8 is requir- 
. ed ; look for 8 on the Side and 4 16 
on the Top, and againſt thoſe — 8 | 
umbers in the Angle of Meeting 5101 5202 530 35/49] 45 60 
6 4 


is 72, the Product required. So 7 


N times ꝙ is 63, and 5 times 12 is 60, 12018 2 30036 420480 5 74] 
N as in the Angles of Meeting you will — — x | 
] find, and ſo of all other Numbers. 7114]21[+8[35/42]49]56] 63] 84 
WT | . i Wnt "Ds 
; | 8[16|24 32]40 48 56064 72] 96 
y 4 'T JT a 
N 9118027 305 54(63]7: 810108 

| 12124]36148/60 72 8496108144 
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, EXAMPLE 8s for Practice. 


Examzre IJ. ExamPLE II. ExANPLE II. 
Mult. 27960 M.ult. 972403z Miult. 7235 
By 200 By 30007 : * By 200 
"$592,000 Prod. 6806522 5238580 Prod. 
— — 2917209 | — 12 


8 


29178896821 Prod. 


In the firſt Example I contracted my Work, by placing the 2 of the Multiplier 
under the Units of the Multiplicand, which ſhould always be done, when the 
other Figures of the Multiplier to the right Hand are all Cyphers. In the ſecond 
Example I contracted my Work, by omitting the Cyphers in the Multiplier, 

and multiplying only by the 7 and the 3. In the third Example, I add three 
Cyphers to the Multiplicand, becauſe one neither multiplies or divides, 
Multiplication of Integers may be performed without giving any Trouble to 
the Mind, in carrying on the Tens, according to the Rule I. as follows. . 
„ RAMP LE I. 
| Multiply 8342 by Þ as in the Margin. RS 
8342 Operation. Firſt, 7 times 2 is 14, which ſet down; then 7 times 4 
17 is 28, which ſet down, 2 before the 1, and 8 under the 1; then 7 


? 
[1 
1 
bl 
1 4 
bY 
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l : 
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—— times 3 is 21, ſet 2 before the 2, and 1 under; then 7 times 8 is 56, 
52214 ſet 5 before the laſt 2, and 6 under; laſtly, add the two Numbers 
618 $92 14, and 618 together, as they ſtand, their Sum will be the true Pro- 


1 
| | m— dict required. 
| 7 58394 : og 
| 7 EXAMPLE II. Multiply 98254, by 3720, as in the Margin. 5 
| | : The Operation of this Example is the 
| 982 54 | | ſame as the laſt, only it is 4 times repeat- 
A $999 - © ; ed; and when the Product of any Figure 
a — | is leſs than 10, place a Cypher in the 


871436 AY Place, where if it had made io, or more 
| _ I Produdt of the 9. than 105 the Figure for 10, or above 10, 
1101 product of the 2. muſt have ſtood, as you will ſee in the 
8040 5 Product that arifes by 2, the ſecond Fi-/ 


6 : 1 { { produdt of the ,. gue of the Multiplier, 
220112 » 
abs. c Product of the 3. 


3066389166 Product of the whole. For a Proof of this manner of working, 
N I have ſubjoined the ſame Example, worked 


98254 A after the common Method, as at A. 
3729 : 5 0 


884286 Product of the 9. 
196508 Product of the 2. 
687778 Product of the 3. 
2947562 Product of the 3. 


366389166 Product of the whole as before. 


As I have thus Y Or the Multiplication of Integers, you are to obſerve, 
that therein is this Aualogy, viz, As an Unit is to the Multiplier, ſo is the Mul- 


tiplicand to the Product, 


P. Pray 


bo 0 1. 


ve, 
ul- 


"ay 


\ * 
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P. Pray explain this, for at preſent ¶ don't conceive what you mean. © wh 

. od Tell: by this Example. Suppoling one Load of Timber coſt 50 Shil- 

lings, how much will 12 Loads coſt? 6 ; ne B58 


t 12 Loads be multiplied! by 50 Shillings, as in the Margin, 12 


| the Product, 600 Shillings, is the Anſwer: and therefore one-Load 30 


being confidered as an Unit, bears the fame Proportion to 50 Shil> 


lings, the Multiplier, as 12 Loads, the Multiplcand, do to bow 600 


Shillings the Product. — 


P. *Tis very true, Sir; pray proceed, for yon make Multiplication a Pleaſure to ne. 


M. The next in order is to ſhew you, how in many Caſes you may contract 

your: Multiplications as follows. N I 
| ,, Coxrgaction I, To multiply any given Number ( ſuppoſe $47) by 11 
Rule. Set down the M 1 twice, the lower one bein 8 
removed one place, either towards the right or left Hand, as at A 547 547 B 
A and B, where at A tis placed one place towards the left 5347 547 
Hand, and at B, one place towards the, right Hand, — — 
1 Hl 601) 6017 

Contraction II. To multiply any given Number ( ſuppoſe 7925) by 12, 
. 7 135 14, Co 
Reule. Multiply the Figures in the Multiplicand, by the Units in the Multiplier, 
vbſerving, as you 283 to add that Figure of the Multiplicand, which ſtands 
next on the right Hand, to the Product of the Figure you multiply by. As for 
Example, multiply 7925, by 14, as in the Margin, | 

Firit, 4 times 5 is 20, ſet down ©, and carry 2; then 4 times 2 is dc b 
9, and 2 I carry is 10; and 5 at a, being the next Figure on the right 7925 
Hand of 2, which you are then multiplying, make 15, ſet down 5 I4 


4 


and carry 1; then 4 times 9 is 36, and 1 1 carry is 37; and 2, the — 


next Figure on the Right at , is 39, ſet down g and carry 3; then 110950 
4 times 7 is 28, and 3 I carry is 31; andg the next Figure to the ——— 
Right at c, is 40, ſet down © and carry 4. Now, as there are no more Figures in 
the Multiplicand, to add the 4 carried unto, thetefore adding the y to the laſt 
is 7 at a, makes 11, which ſet down, and the Product is 110950, as re- 
quired. | ks 
ConTRACTLION III. To multiply any given Number ( ſuppoſe 99725 ) by 111, 
7 112, 113, 114, 115, Sc. 5 
Rule, Multiply the Figures in the Multiplicand by the Units in the Multiplier, 
and as you proceed, add the evo Figures of the Multiplicand, which ſtand next on 
the right Hand, to the Product of the Figure you multiply by: as for Example, 
multiply 99725, by 115, as in the Margin. | | 


Firſt, 5 times 5 is 25, ſet down 5 and carry 2; then g times 2 is edcha 
10, and 2 I carry is 12, and 5 at @ is 17, ſet down 7 and carry 13 99725 
then ; times 7 is 35, and t I cariy is 36, and 2 at à is 38, and 5 at 115 


41843; ſer down 3 and carry 4; ir times 9 is 45, and 41 carry —— 
is 49, and 7atcis 56, and 2 at 3 is 58, ſet down 8 and carry 5; 11468375 
then 5 times 9 is 45, and 5 I carry is go, and gatdis 59, and 7 at ———— 
e is 66, ſet down 6 and carry 6 then 61 carry, and q at e is 15, andgatd is 
24, ſet down 4 and carry 2, which being added to q at e, makes 11, which ſet 
down, and which makes the Product 11468375, as required. 


ConTracrion IV. To multiply any given Number (ſuppoſe 725432) by 101, 


102, 103, 104, &c. 

Rule. Multiply the Figures in the Multiplicand by the Units of the Multiplier, 
and as you proceed, add that Figure of your Multiplicand that ſtands next the 
right Hand, except one, unto the Product of that Figure you multiply by: as for 
Example, multiply 72 5432 by rog, as in the Margin. * | 


F 


Firſt, 


3} Of MULTIPLICATION. . 
Fedcha Firſt, g times 2 is 18, ſet down 8 and carry 1; theng times 3 18 
725432 27, and 1 I carry is 28, ſet down $ and carry 2; then g times 4 is 
109 36, and 2 I carry is 38, and 2 at à is 40, ſet down © and carry 4; 

then 9g times 5 is 45, and 4 I carry is 49, and 3 at & is 52, ſet down 2 
19072088 and carry 5; then ꝙ times 2 is 18, and 5 I carry is 23, and 4 at e is 
— 27, ſet down 7 and carry 2; then 9 times 7 is 63, and 2 I carry is 
65, and 5 at 4 is 50, ſet down o and carry 7; now 7 I carry, and-2 at e is g, ſet 
gown 91 and becauſe you have nothing to carry to the 5 at y, therefore ſet down 


7: and the Product will be 79072088, the Product required. 


a | II. Multiplication of Decimals. =; 

M. Multiplication of Decimals, both in placing the Multiplicand and Multi- 
plier, is the ſame as the Multiplication of Integers, only when your Work is 
completed, you muſt obſerve, that with the daſh of your Pen you cut off as many 

laces of Decimals in = Product, as there are places of Decimals both in your 

ultiplicand and Multiplier, and in caſe of want in your Product, prefix Cyphers 
to the left Hand. | 

It is alſo to be obſerved, Firſt, that it will be convenient to make that Num- 
ber the Multiplicand, which contains the moſt Places, though ſometimes it may 
be leſs in 1 Secondly, that if the Multiplicand and Multiplier be hot 
Decimals, that is, both Parts of 1 the Product will be a Decimal, 
Thirdly, if Multiplicand and Multiplier be mixed, that is, Integers and Decimal 
Parts of Integers, the Product will be mixed. Laſtly, if the Multiplicand and 
r mixed, and the other a Decimal, the Product will be ſometimes 

7 


mixed, and ſometimes a Decimal. | ; 
| ExaneLE I. ExAur TIE II. ExAurTR III. | 
Of Decimals alone. Of Integ. and Decimals, Where the Multiplicand 
97432 | 772345 is mixed, and Multi- 
7713 : 1,25 plier a Decimal. 
5 2 ä „ 12,4972 
22296 | 361725 | 357 
7432 144090 x | 
52024 72345 5068494 
s — — ; — — | 3040359 
Facit 5299016 Facit 91042 125 217221 
258693 594 


la Example I. of Decimals alone, the Product is, 5299916, that is, it is 
5299016 Parts of an Integer, or 1, divided into 10,000,000 Parts, becauſe the 
Denominator of every Decimal confiſts of as many Places of Cyphers annexed 
to t, as there are Places in the Decimal. , ; | 

In Example II. there mos 7 Places of Decimals in the Multiplicand, I there-' 
fore have cut off 7 Places of Figures from the Product, and the Product is ꝙ Inte- 
gers, and ,042125 Parts of an Integer, divided into 20, ooo, ooo Parts. 

In Example III. I have alſo cut off 7 Places of Decimals, becauſe there are 
4 Places in the Multiplicand, and 3 in the Multiplier, and the Product is 25 In- 
tegers, and, 8693 594 Parts of an Integer, divided into 10,000,000 Parts. 


III. Multiplication of Duodecimali, vulgarly called Croſs Multiplication. 
As in Decimal Multiplication, the Integer is divided into. 10; fo here it is di- 


vided into 12 Parts, as a Shilling into 12 Pence, or a Foot into 12 Inches... 


In the following Examples I ſuppoſe the Integers to be Feet; and the Duodeci- 
mals Inches. As this kind of Multiplicatiom may be performed, as well by taking 
the aliquat or even Parts of 12, out of the Multjplicand, as will be immediately 
ſewn, as by multiplying the Multiplier into the Multiplicand; before I proceed 
any farther, you are to obſerve, that the aliquot (which are the even) Parts of a 
Foot, are as follow, viz. In 12 there is twice 6, three times 4, four times 3, fix 
. | | tunes 


es 3 18 
es 4 Is 
Ty 43 
lown 2 
at e is 


rry is 


9, fe 
— 


Multi- 
fork is 
many 
1 your 


yphers 


— 


times 2, eight times 1 and +, and 12 times 1; and therefore, 6 is a half, 4 is one 
third, 3 is one quarter, 2 is one fixth, 1 and half one eight, and 1 — 5 6 TY 
In this kind of Multiplication there is a great Variety, as follows. 


I. To multiply Feet, Inches, and Parts, into Inches, by aliquot Parts. 

Rule. Place under the Multiplicand, the Number of Times that the aliquot 
Multiplier can be had, in the Feet, Inches and Parts, obſerving to begia at the 
left Hand, and for every one that remains at the Feet, more than the Times 
that the aliquot Multiplier can be had in them, to add 12 to the Inches, and ſo 
the like to the Parts, &'c., | | 

In Example I. 6 being contained twice in 8 
12, I therefore ſay the two's in 20 is 10, the - Exauerz I. 
two'sin 8 is 4, apd thetwo'sin 6 is 3; fo Feet. Inch. Parts, 


hat the Product is 10 Feet, 4 Inches, 3 Multiply 20 8 6 


Parts. | By oo 6 Inches 
In Example II. 4 being contained 3 times — 


in 12, therefore I ſay the three's in 16 is 5 Product 10 4 3 


times, and 1 remains, ſet down g; under the 16 ; — — 
then the 1 remaining being a Foot, equal to 
12 Inches, I add it to the 8 Inches which makes EXAMPLE II, 


20, and then ſay, the three's in 20 is 6 times, Feet, Inch. Parts, 
ſet down 6 under the Inches, and carry the 2 - Multiply 16 8 7 
Inches remaining to the Parts, which 2 being By 4 Inches 
equal to 24 Seconds, and added to the 7, makes — — 
31 Seconds, wherein I find three 10 times, and Product 5 6 10 4 


1 remains, therefore I ſet down 10 under the — 
Seconds, and the 1 being one third of 3, the 
aliquot Part, is equal to 4 Seconds, and the ExaMpLE III. 
Product to 5. Feet, 6 Inches, 10 Parts, 4 Se- Feet, Inch. Parts. 
conds, £ Multiply 7 11 9 
Ta Example III. 3 Inches being contained By 3 Inches 


» 


4 Times in 12, I therefore ſay the fours in 27 — 
is fix times, ſet 6 under 27, and 3 remains, Product 6 11 11 3 
equal to 36, and 11 is 47, which contains 4 — 
11 times, ſet 11 under Inches, and remain 3, equal. to 36, and q is 45, which 
contains 4 11 times; ſet 11 under Parts, and the remaining 1, being one Quarter 
of 4, the aliquot Part is equal to 3 Seconds, and the P to 6 Feet, 11 Inches, 
11 Farts, J . | . | 

II. To multiply Feet, Inches, and Parts, into Tnehes, by multiplying tie Multiplier 

. into the  Multiplicands 1: ©» 

Rule. Firſt, Place a Cypher inſtead of an Integer, under the Parts of the Mul- 
tiplicand, and the Inches of the Multiplier, one place farther to the right Hand. 
Secondly, multiply the Inches of the Multiplier, into the Parts, Inches, and Feet, 
of the Multiplicand, as if they were Integers or whole Numbers, carrying 1 for 
every bee ſetting down the firſt remains, when any, under the Figure you 


* 


multiply by, Se. 
To illuſtrate the preceding Rule by aliquot Parts, I have here made uſe of tha 

following Examples. | | | be” Dei 

Examels I. ExAmMPLE II. ExamPLE III. 
Feet. Inch. Parts, Feet. Inch. Parts. Feet. Inch. Parts, 
1 7 27 1 6 
e 6 oO 4 oO 3 

10 4 3 © 6 6 1& 4 6 Mn. 1 3 


In Example I. 6 times 6 is 36, ſt down o, and carry z, then 6 times 8 is 48, 
: ; 2 * an N 4 


/ 
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and 3 I carry is gr, ſet down 3 and carry 4; then 6 times 20 is 120, and4T 
carry is 124, wherein there is 10 times 12 and 4 remains, ſet 4 under the Inches, 
and 10 under the Feet, and the Product is 10 Feet, 4 Inches, 3 Parts. 4 
By either of theſe Rules, any Number may be _— multiplied, when the 
Multiplier is an aliquot Part of a Foot : But when the Multiplier is not an aliquot 


Part, then the Operation muſt be dons by the laſt Rule, which indeed is general. 


Note, For the ready finding the T<velves in any Product, tis beſt to make a Tabir 
of Tawelves, and to get it perfectly by Heart, as follows. 


2 24 6 72|l1 132116 192 
e yu 
4 | | 48] 8 tim. tzis A 9613 >tim. 1218< 156118 >tim.1218< 216 
5 Loo] 9 108]14Y 168019 228 

10 120[r5:- 18020 240 


III. To multiply Feet, Inches, and Parts, by Parts, | 

Rule. Firſt, Place a Cypher under the laſt Place of the Multiplicand, inſtead of 
an Integer; and alſo another Cypher in the Place of Inches, and then the Parts 
next following to the right Hand. Secondly, Multiply the Parts of the Multi- 

plier, in the Multiplicand, carrying 1 for every 12 as before, | 
| Operation. ꝙ times 7 is 63, ſet down 3 and 
EXAMPLE. carry 5 ; then 9 times 11 is 99, and 5 Lcarry 
. is 104, wherein I have 12 8 times, and 8 re- 
Multiply 25 11 by o Parts. mains, ſet down 8 and carry 8; then 9g times 
709 25 is 225, and 8 I carry is 233, wherein J 
— have 12 19 times, and 5 remains, ſet down 5; 
1 5 5 $3 and carry 19. Now as the whole Multiplication 
— is ended, aud 19 remains, take 12 out of it, and 
there remains 7, ſet down under Inches, and t 
the Product will be 1 Foot, 7 Inches, g Parts, 8 


. 


for the 12, under the Feet, and 


Seconds, 3 Thirds. 
IV. To multiply Feet, Inches, and Parts, by Inches and Parts. 


Ree. Firſt, Place a Cypher under the laſt Place of the Multiplicand, inſtead 
of au Integer, and the Inches and Parts in their Places, towards the right Hand, 


* 2dly, Multiply the Inches in the Parts, Inches, and Feet, carrying 1 for every 12. 


zdly, Multiply the Parts into the Parts, Inches, and Feet, in'the ſame manner, 
— the two Products added together is the Product require. EZ 70 
| | ation. Firſt,, 8 times g is 72, 
EXAMPLE. ſet down o and carry 6; then 8̊ times 
F. LF 7 18 56, and 6 I carry is 62, ſet down 
Multiply 33 7 9 by 8 Inches, 7 Parts. 2 and carry 5 ; then 8 times 3218 256, 
2 1 -7 and 5 1 carry is 261, wherein I find 

12 21 times, and ꝙ remains, ſet down 

9 and carry 21 to the Place of Feet. 


v7 :9:-2 0 ; 

; © 6-3 , 2dly, 7 times 9 is 63, ſet down 3 and 
— — carry 5; then 7 times 7 is 40, aud 
* 64 I carry is 54, ſet down 6 and carry 


— - 43 then 7 times 32 is 224, and 4 
| - carry is 228, wherein I find 12 19 

times, and © remains, ſet down © and carry 19, out of which taking 12, 7 re- 

mains, which ſet under the Inches, and 1 for the 12 under the Feet. 

V. To multiply Feet, Inches ard Parts, into Feet, Inches and Parts, when the 

Feet of the Multiplicand and Multiplier do not exceed 20. 

Rule. Firſt, Phace the Feet of the Multiptier under the laſt Place of the Mul- 
tiplicand, and the Inches and Parts, towards the right Hand in their Places. 
Secondly, Munttiply the Feet, Inches and Parts of the Multiplier, each ſepa- 
rately, into the Parts, Inches and Feet of the Multiplicand, as before in the pre- 
ceding Rules; and their ſeverat Products being added, will be the true Product 


recuired, A 
Operation. 


941 
ches, 


| the. 


quot 
eral, 
Tabir 


192 
— 
216 


fx 
249 


ad of 
Parts 
lulti- 


3 and 
carry 
8 re- 
times 
ein [ 
wn 5 
dation 
, and 
and i 


down 11 and ca 


© Firſt, as 3 Inches is the 4th of 12, therefore by Rule I. 


of MULTIPLICATION. 4 
: Operation. Firſt, 5 times 5 is 35, ſet | 11 | 


23 then 7 times 6 is - EXAMPLE. - 
42, and 2 I carry is 44, ſet down 8 and Fe . F. J. R 
carry 3; then 7 times 11 is 77, and 3 Multiply 11 6 5 by 11 39 7 
I carry is 80, ſet down 8 and carry ' #5" 
6, which put one Place to the left. 


2 


Secondly 9 times 5 is 45, ſet down 9 OT? 6 8 
and carry 3; then 9 times 6 is 54, and 6.7: -0 
3 I carry is 57; ſet down g and carry 126 10 7 


4; then g times . | — — 
is 103, ſet down 7 and carry 8. Third- 136 1 1 
ly, 11 times 5 is 55, ſet down 7 and — 
carry 4; then 11 times 6 is 66, and 4 | 2 
is 70, ſet down 10 and carry 5 ; then 11 times 11 is 121, and 5 I carry is 126, 
_ ſet down, and the Product is 136 Feet, 1 Inch, 1 Pa., 5 Seconds, and 11 
rds. f ( . 
Note 1. It matters not whether the Feet, Inches, or Parts, be firfl multiplied, ſo 
that their reſbectiwe Product. are but duly placed. | SES. 4 
V. To mu "ip any Number of Feet and [nches into any Number of Feet and Inches. 
Rule, Firit, multiply the Feet into themſelves as 4 Secondly, inſtead 
of multiplying the Feet into the Inches, take the aliquot Parts of a Foot, as often 
as they can be found in the Feet, that ſtand diagonally againſt them (by Rule I. 
hereot), and halve them when required. Thirdly, the Inches multiplied ints 
themſelves, every 12 is an Inch, the Remains are Parts, 
In Example I. the Feet being firſt multiplied into the 
Feet, proceed to the Feet into the Inches as following : 


ExAmMPLE I. 
| Feet, Inch, 
find the fours in 218, ſaying the 4's in 21 is 5 times, and Multiply 272 3 


1 remains, ſet down 5 as at A; and then ſay, the 4's in By 218 6' 

18 is 4 times, and 2 remains, ſet down 4, and che 2 — 
remaining being the half of 4, therefore ſet down half * 

ane for it, viz. 6 Inches; then will $4 Feet, 6 Inches, 1 

which is equal to a quarter Part of 218 Feet, be the - ed 

Froduct of 218 Feet, multiplied into 3 Inches. Se- 454 6 
condly, as 6 is contained twice in 12, therefore to mul - B 136 


tiply 276 Feet into 6 Inches, is no more than to take its I 
half, or ſay, the 2's in 2 is 1, ſet down 1-at B, and ſay, 
the 2's in 7 is thrice, ſet down 3 next after the 1, and 
carrying the 1 to the 2, which makes 12, ſay, the 2's 
ig 12 is 6 times, ſet down 6, and then the Product of 272 g 

Feet, into 6 Inches, will be 136 Feet, Thirdly, multiply the 6 Inches into 3 


Inches, which is equal to 1 Inch, 6 Parts; and the whole Product is 59486 Feet, 


7 Inches and 6 Parts. ExAMrLE IL 
In Example II. Firſt, as ꝙ Inches is three quarters of | F. I. 
12, therefore to multiply 531 Feet into 9 Inches, firſt Multiply 752 9 


take the half of 531, which is 265—6 as at A, and the y 531 2 
half of 265—6, which is 132—9 as at B. | —— 
Secondly, as 2 is the ſixth of 12, therefore take the 6's — 752 
in 752, Which is r25, as at C. Thirdly, the Inches 2256 
into themſelves, make 1 Inch 6 Parts, and the Whole 3760 
being added, as in Example I. is 39983 5 Feet, 4 Inches, A 265 6 
e Uk f B132 9 
: 125 © 
2 
399835 4 6 
In 
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ExaAnrLE IV. 
: F. r I. 


Multiply 524 
2 


1048 
3668 
1672 
124 
B 131 
C87 4 
1 


— 
. 


8 


8 V. 
Multiply 723 7 


By gia 8 
1446 
$723 
ry 
B 43 
C 361 6 
D120 6 
: 4 
370957 4 8B 


EXAMPLE Wye 
259 10 
EE WR. 
18 
1 8 


N86 
B 57 


C 129 
D 86 


0+ © 


4 
o 4 


.4's in 


In Example III. Firſt, as 1 Inch is the-twelfth Part 
= of 12, therefore to multiply 325 Feet into 1 Inch, take 
Multiply 392 1 the 12's in 325 which are 27 i, as at A. Secondl 

to multiply 392 Feet into 11 Inche 
half of 392, which is 196 as at B, whoſe half is 98 as 
at C; and which two Products are equal to 392 Feet 
multiplied into 9. Now as 
which is a fixth Fart 


Inches, and 11 Parts, 
”" 


In Example IV. Firſt, as 4 Inches is the third of 1 2, 
therefore to multiply 372 Feet into 4 Inches take the 
3's in 37a, which are 124 as at A. Secondly, as 
in 5 there are two aliquot Parts of 12, wiz. 3, which 
is a 4th, and 2 which is a 6th, therefore firſt take the 
4, which are 131 as at B, and then the 6's in 
24. hirdly, the Inches into them - 
ſelves, are 1 Inch 8 Parts, and the whole 


195270 Feet, 5 Inches, 8 Parts, 


which are 87 4. 


In Example V. Firſt, as in 7 Inches there are two 
aliquot Parts of 12, viz. 6 which is a half, and 1 which 
is a 12th, therefore to multiply 512 Feet into q Inches, 
firſt take the halves or 2's in 512 Feet, which are 256 
as at A, then the 12s that are in 43 as at B. Secondly, 
as in 8 there are alſo 2 aliquot Parts of 12, viz. 6 and 
2, therefore to multiply 723 Feet into 8 Inches, firſt 
take the halves or 2's in 723, which are 361 6 as at 
C, and then the 6's, whic 
Thirdly, the Inches into themſelves, are 56, equal to 


4 Inches 8 Parts, and the whole Product 370957 Feet, 


4 Inches, 8 Parts. 


In Example VI. Firſt, as in 10 there are two aliquot 
Parts of 12, wiz. 6 which is half, and 4 which is a 
third; therefore to multiply 172 Feet into 10 Inches, 
firſt take the halves or 2's in 192 Feet, which are 86 
as at A, and then the 3's, which are 57 4. Secondly, 
there being the ſame aliquot Parts in the other 10 
Inches, therefore firſt take t 
which are 129 6, as at C, and then the 3's, which are 
86 4, as at D. Thirdly, the Inches 10 into 1c equal 
to 100, are equal to 8 Inches, 4 Parts, and the whole 
Product to 44907 Feet, 10 Inches, and 4 Parts. 


* 
8, firſt take the 


the remains to 11 is 2, 
of 12, therefore by Rule I. take 
the 6's in 392, which is 65 Feet 4 Inches. . Laſtly, 
the Inches multiplied into themſelves make 11 Parts, 


and the ſeveral Products added, are 127786 Feet, 8 


halvesor 2's in 2 59 Feet, 


—_— WW TO WS 


— 


P OF bb. 


of 


 fideration that ſome Kinds of Works are performed b : 
therefore, before I proceed ro Diviſion, ſhew the Multiplication of Yards and Feet. 
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Of MULTIPLICATION. 1 


Thus have I given you a Number of Examples in all the Variety of odd tithes 


that can happen, which being well underſtood will make the Menſuration of 
Superſicies aud Solids very eaſy and delightful to every Ra And, in con- 
ard Meaſure, I ſhall 


IV. Multiplication of Yards'and' Feet, | © 
Note, 1ſt, That Yards multiplied into Yards produce Yards. 2dly, That 
Yards multiplied into Feet every 3 is a Yard, the remains more than 3 are long 
Feet, a long Foot is one Foot in Breadth, and 3 Feet in Length. 3dly, Feet 
moultiplied into Feet produce Parts, which are ſquare Feet, 3 of which make x 
long Foot aforeſaid. _ 8 a 
eration. Firſt, the Yards being multiplied as Integers, to Feet, 
multiply 251 Yards into 1 Foot, as 1 is the third Part of z, the 273 K 
Feet in a Yard, therefore take the thirds of 251, which are 2561 2 
83 2, as at A, Secondly, as 2 is two thirds of 3, therefore to 7. 
multiply 272 Feet into 2 Feet, take the thirds, twice in 2 37 1365 $ 
which are 91, and g1 as at B and C. Thirdly, the Feet multi- 546 
plied into themſelves are two Parts, and the whole Product is A813 3 
equal to 68788 Yards, 2 Feet, and 2 Parts. B 91 


Tue next Thing in Order, to conclude this Lecture, is to ſhem, 68788 2 2 


| How to prove Multiplication. 

Rale. Make that which was your Multiplier your Multiplicand, and then 
_— lying as uſual, if the Product be the your Work is true; if not, 
tis . a | 
; LECT. v. Of Drvis1iovn.: | 

Iviſion is nothing more than a compendious Subtraction ; for as Times 
as the Diviſor can be ſubtracted out of the Dividend, ſo many Units is the 
Quotient. In Divifion there are four principal Parts to be obſerved ; viz. 1. The 
given Number which is to be divided, called the Dividend. 2. The given 
Number by which the Dividend is to be divided, called the Diviſor. 3. The 


Number arifing from the Number of Times that the Diviſor is contained in the 
Dividend, which is called the Quotient. And laſtly, a Number that ſometimes 


happens to remain when the Diviſion is ended, leſs than the Diviſor, which is 
called the Remains. - | 

Diviſion in general is per- DF E G Table of Diviſors. 
formed by this Analogy, viz. 3725)99725432(26664 172171 MH 3725 
As the Diviſor is to 1, ſo is the F7450::::abede 
Dividend to the Quotient ; 111 
which I ſhall illuſtrate by the 2622,52: 
following Examples. 1 G21 


OZEanPORD> 
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EXAMPLE. — 

Tis required to divide 12475, 4:: 2607 5 
99725432, by 3725; firſt place 22235 O:: 29800 
the Dividend and Diviſor as at 32 33525 
D E, ſeparated by a Crotchet as 12404, 3: 

F. Alſo make another Crotchet m 22350: 
as G to ſeparate the Dividend : 
from the Quotient, Secondly, x 16932 
make a Table of Diviſors as in 5 14900 

the Margin, thus 1ſt, place — 

725 and againſt it ſet 1; 2dly, 9 2032 remains, 
© 3725, as at A7450, and — 
2 againſt 


W nnn e 
againſt it ſet 2, ſignifying that 7450 is the Diviſor 2 Times. Thirdly; add c 
872 s and 7450 together, which make 11175, as at &, againſt which ſet 3. 
ourthly, to 11175, add 3725, which make 14900, as at c, and againſt it ſet 3. 
Fifthly, to 14900, add 3725, which make 1802 5, as at 1, and againſt it ſet g. 
Proceed, in like Manner, to add the firſt and laſt together, until —.— repeated 
the Operations 9 Times, placing the Number of Limes againſt each. Or other- 
wiſe, multiply the Diviſor 3725, by 2, 3, 4, 5» ©, 7» 9 and their Products 
will be as againſt A, K, C, L, B, M, N. O. This being done, the Work is very 
eaſy, and is thus performed. Firſt, as 4725 cannot be had in the firſt 3 Figures 
of the Divideod 997, therefore under the fourth Figure 2, make a Point; then 
os how often 3725 in 9972: Look in the Table of Diviſors for the leis neareſt 
umber to 9972, which is 7450, againſt which ſtands e, as at A. 
Place 2 in the Quotient as at a, and 7450 under 9972, as at ñã and ſubtract 
7450 -from 9972, the Remains is 2522, as the firſt 4 Figures towards the left 
nd at g. Secondly, make a Point under 5 in the Dividend, which bring down 
and place againſt 2522, as thus, 25225 for a new Dividend. Then ſay, how 
often 3725 in 25225 ; look in the Table of Diviſors, for the neareſt leſs Number, 
which is | 22350, againſt which ſtands 6 ; place 6 in the Quotient, as at 6, and 
22350 under 25225, as at b, and ſubtract 22350 from 25225, the Remains is 
2475, as the firſt 4 Figures to the left at i. Thirdly, polat.t e next Figute 4, 
in the Dividend, and bring it down to 2475, as thus, 24754, at i, for a ſecond 
new Dividend. Then ſay, how often 3725 in 24754 ; look in the Table of 
Piviſfors, and the neareſt leſs Number is 22 350, againtt which ſtands 6, as at B; 
place 6 in the Quotient, as at e, and'22350 under 247 $4» as at &, and ſubtract 
22350 from 24754, the Remains is 2404, as the firſt 4 Figures to the left at J. 
Fourthly, point the next Figure 3, in the Dividend, and bring it down to 2404, 
as thus, 24043, as at 1. for a third new Diviſor, Then ſay, how often 3725 in 
24043 ;_ look in the Table of Diviſors for the neareſt leſs Number, which is 
22350 (as before), againſt which ſtands 6 ; place 6 in the Quotient, and 22350, 
under 24043, and the Remains is 1693, as the firſt 4 Figures to the left at a. 
Fifthly, point the next and laſt Figure 2 of the Dividend, and bring it down 
to 1693, as thus, 16932, as at p, for a fourth new Diviſor. Then ſay, how 
often 3725 in 16932; look in the Table of Diviſors for the neareſt leſs Number; 
which is 14900, againſt which ſtands 4; place 4 in the Quotient, as at e, and 
14900 under 16932, and ſubtracting 14900 from 16932, the Remains is 3032, 
— which being the laſt Remains, is 2032 Parts of 372 5, and which together 
make a Fraction thus, 3941, which muſt be ſet in the Quotient, next after 26664, 
as in the Margin. | | 
Note, That as many Points as are placed under the Figures of the Dividend, 
ſo many Figures will be in the Quotient. 
The Value of this Fraction, or any other, in the Parts of the Integer may be 
1 as following. Admit the Integers, in this Example, to be Pounds Ster- 
ing: | : 


A 2032 Firſt, multiply 2032, the Remains, by 20, the 
20 Shillings in a Pound, as at A, and divide the Pro- 
ie duct 40640, by 3725, the former Diviſor, as at 


B 37250 406400 10 Shillings B, and the Quotient 10 are Shillings, and 3390 
5 remains, as at C. Secondly, multiply 3390, the 


. 
| 2 Remains, by 12, the Pence in a Shilling, as at D, 
C 3390 rem. and divide the Product 40680, by 3725, the former 
12 Diviſor as at E,. and the Quotient 10 are Pence, 


— and 3430 remains. Thirdly, multiply 3430, the Re- 


E3725{40680)10Pence mains, by 4, the Farthings in one Penny, as at F, 
1 ; and divide the Product 13720, by 3725, 25 before, 


— Ee and the Quotient 3 are Farthings, and 2 545 remains, 
3430 b which are 2545 Parts of 3725 of a Farthing, the 
F 4 | Farthing being divided into 372 5 Parts. The Man- 

| ner 


N OY 
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ner of reducing this and other Fractions, into the * 4725) 13720 (3 Farth. 
leaſt equivalent Parts, is taught in Lecture VIII. | a | 


If this example be well underſtood, it is fully — 25 
ſufßeient for performing all Varieties of Caſes in 2545 rem. 
whole Numbers, that can happen, and more eſpe- ——— 
cially when you have alſo learned the following | a 
Contratfions in Diviſion. 


I. When the Diviſor is IO, 100, 1000, &c./cut from the Divi- A 10) 732 | o 


7 


dend, the fame Number of Figures to the right Hand as are B 100) 275 43 


Cyphers in the Diviſor, and the Figures remaining to the Left C ro0o) 72 | 354. 


are the Quotient required. So 7320, divided by 10, I cut oft 
the laſt Figure o, and 732 remaining to the Left, is the Quotient required, as at 


A. In like manner, 27 543, divided by 109, the Quotient is 275 n, and 72354, 


divided by rooo, the Quotient is 22 Ps, as at B and C, as the Figures cut 


off to the right Hand, are ſo many Parts of che Diviſor. And as in every of theſe 
Caſes, the Diviſor is decimally divided, therefore theſe Remains are Decimal 
- Fractions ; and though I have here ſet theit Denominators under each for Plainneſs 
' Sake, yet in Practice they are to be omitted, and the Fractions annexed to the 
whole Numbers, as following, wjz. 10,32, not 10 PD, and 275. 43, not 275 


i and 72,354, hot 72 $5, of which I have already advertiſed you in the 
preceding Lectures. E : 5 

II. When your Dividend and Diviſor conſiſt of Cy- 63 O 7735 loo (122 
phers to the right Hand, cut off an equal Number of 


Cyphers in both, and then proceed as before taught: So to divide 7737500 | 
by 63000, cut off three Cyphers in each, and divide 7735 by 63, as in the | 


Margin. 25 | . 
III. If your Diviſor have Cyphers annexed, and 1200) 7325417916 1044438 

your Dividend none, cut off as many Figures in 72 
your Dividend, as there are Cyphers in your Divi- _ 
for, and then proceed as before. So to / divide 12 

- 7325479 by 12005 cut off 79, the laſt two Figures 054 
in the Dividend, and dividing 732 54 by 12, the — 
Quotient will be 6104, and 6 remains as in the 48 
Margin, The 6 remaining, is to be placed before — 

- 79, cut from the Dividend, making it 679, and 6 rem, 
which is the true remains, and the Numerator of — 


the Fraction f as annexed to the Quotient. 


5 To om Diviſion. | | ' 

Multiply the Quotient by the Diviſor, and to the Product add the Remains, 

when any, and if the Work be true, their Sum will be equal to the Dividend. 
Diviston of DECIMA Ws. | 


Diviſion of Decimals is performed in every Reſpect as whole Numbers, and 
for diſcovering the true Value of the Quotient, this is the general Rule: 


| | Ru i E. | 
Dye Places of Decimal Parts in the Diviſor and Qxotient, being accounted together, 


muſt always be equal in Number æuith thoſe in the Dividend; and therefore as any 


Figures as are cut off in the Dividend, ſo many muſt be cut off in the Diviſor and 
2 uotient : or thus; cut off as many Figures in the Quotient, as will make thoſe cut 
off in the Diviſor equal to thoſe in the Quotient; always obſerving, that if there be 
not ſo many in the Quotient, to add Cyphers to the left Hand. And alſo, that if 
your Dividend be an Integer, or have leſs cut off than in the Diviſor, to add Cy- 
phers to the Dividend, till they are equal. 5 | 
This general Rule admits of four Caſes. 


x — 


1 | CG ah Caſ⸗ 


j/ 
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EXAMPLE, : $2 ring + gt FR 5B ; | ; 
25635) 4672,565 (182 Caſe 1. When the Places of Decimal Parts in the 
| 25,6357: Diviſor and Dividend are equal in Number, as in this 
te Example in the Margin, where both Diviſor and 
210906: Dividend are mixed Numbers, then the Quotient will 
205080 : X be all whole Numbers; 3 5 
be x 
© $8265 0 
$1270 
6995 rem. : „VVV 
— a Ex AMI II. 


29) 72644271 (17,012 Divide 7264, 271, 27, as in the Margin. 
"my 25 n Here the 2 2 — Number, — 
— Diviſor is Integers, and as here are three Decimals 
n in the Dividend, and none in the Diviſor, therefore 
„„ cut off 012, the laſt 3 Figures in the Quotient, and 
— 5 the Quotient will be 17,012. | SEE 
a7” Eons . 
427 x 
1001 
6 854 


147 rem. 


: ExANMPLE III. Divide 75 by „0125, as 10 the Margin. 1 
40125), 7500 (Go Here the Dividend is Integers, and the Diviſor a Decimal ; 
| and ſeeing that 75, the Dividend, conſiſts but of two Places, 


—— 


0 
— I therefore add two Cyphers to it, making it 7500, that 
oo thereby both Diviſor and Dividend may be made Fractions, 
— and by their being both of equal Number of Places, there · 


2 fore by Caſe 1, the Quotient is Integers. 
Caſe 2. When there are not ſo many Places of Decimal Parts in the Dividend, 
as there are in the Diviſor, then annex Cyphers to the Dividend, to make the 
equal, and the quotient will be all v6 Hig Numbers, as in Caſe 1. | 


| XAMPLE IV. 

725) J425,000 (4724 | 4725) 3425,00000 (4724,13 Divide 3425, by ,725, 

2900 „ ee as in the Margin. Now 

— — here the Dividend being 
5250 3 Integers, and the Diviſor a 

5057 5087 00 Decimal, to bring out In- 

— —  . tegers in the Quotient, I 
1760 5 AN add 3 Cyphers to 3425, 

3 : 1450 the Divideed, andthicQus. 

— — tient is 4724, and 100 te- 

3000 | 3000 mains. But if tis required 

| 2900 | 2900 to have the Quotient to a 

— | — greater Exactneſs, then I 

100 rem. | 1000 * add a competent Number 

— | 7250 of Cyphers more to the 

— Dividend. In the follow- 

2750 ing Example, at A, in the 

21 largin, *tis uired to 

DD | | 46.4 Places of Deci- 


575 rem. mals, after the Integral 
| Part of the toy 24 


\ . : - 
1 Ry” 


Of DIVISION... a 


the Quotient is 4724,13, and 575 remains; for by adding two Cyphers more 
to 45 Dividend, 2c Was rn before to SAT the Divilor and Dividend 
equal ; and cufting off the ſame Number of ' Places from the Quotient, leave 
13 for the fractionàl Part required, and 575 remains, ; 5 : 
In this Manner, by — of a greater Number of Cyphers, you may corhe 
nearer to the Truth; but in all Caſes like this, where the Diviſor is not contained 
an exact Number of Times in the Dividend, there will always be a Remainder, , 
Caſe 3. When the Number of Places of Decimal Parts 
in the Dividend exceed thoſe in the Diviſor, cut off the 9,54) 71, 4038 (9,47 
Exceſs of Decimal Parts in the Quotient. As for Exam- 6786 


ple, divide 71,4038, by 7, 54, as in the Margin; where — 
the Number of Decimal Parts in the Dividend is 4, and 354 
but 2 in the Diviſor; therefore, as the Exceſs is 2, cut 301 
off 47, the laſt two Places in the Quotient. _—_— | 
: | 527 
5278 
| © rem. 


Caſe 4. If after Diviſion is finiſhed, there are not ſo | 
many Figures in the Quotient, as there ought to be Places 43) »13975 600325 


of Decimal Parts by the general Rule, then ſupply their 129 
Defect by prefixing Cyphers before the Figures produced — 
in the Quotient. As for Example, divide 13975 by 43. — oy 
Now here the Dividend is a Decimal, and the Diviſor ies 806 
Integers, whoſe Quotient is 325. But as in the Dividend — 
there are 5 Places, therefore, according to the general 216 
Rule, I prefix two Cyphers before the Quotient 32 5, mak- ma 
ing it ,00325, which is the true Quotient requiied, | —\ — 

| o rem. 


—— 


Note, When any Decimal Fraction, or mixed Number, is to be divided by an 
Unit, with any Number of Cyphers annexed, remove the Separatrix as 
many Places towards the left Hand, as there «re Cyphers annexed to the 

nit; ſo if 57, 27, were given to be divided 8 f 


10, $4727 
$QOg | 55727 
by A tooo, the Quotient will be C ,057 27 - 
I0000, J ,005727 
100000, 20005727 


Now, from the preceding Examples, it may be obſerved, firſt, That when the 
Dividend is ſuperior to the Diviſor, the Quotient is either Integers, or Integers 
and Decimals : and laſtly, That when the Diviſor is ſuperior to the Dividend, 
the N en is a-Decimal, and which in both Caſes holds good in all other Ex- 
amples. 1 p 


* 
* 


LECT. VI. Of Renvcrion. 


N is nothing more than Multiplication or Diviſion, or both, and its 


; Uſe in whole Numbers is for changing Quantity out of one Denomination 
— another, as greater into leſs by Multiplication, or leſs into greater by Di- 
Van. 6 1 | 3 1 


3 | _ Exanin, 


* 


= Of REDUCTION. 
ExAurLE I. ©: 5287 ſuperficial Feet, how many ſuperficial Tuches ? 
$258 Here, becauſe 1 ſuperficial Foot contains 144 ſuperficial Inches, 
144 therefore multiply 5278 by 144, and the Product & as in the 
—— Margin, is the anſwer requires. e 
21112 | | 
21112 


5278 
760032 5 WI 


| ExanmzLs II. I 760032 /uperficial Inches, how mer oper Feet? 
144) 760032 (5278 Here you divide 760032 the Number given by 144, the 
Hep ſquare Inches in a ſquare Fodt, and the Quotient is 5298. 
Now theſe two. Examples, which are converſo to each 
400: : other, illuſtrate all that can be done in Reductions, and | 
288 therefore I need only add the following Rules, by which 
. Reductions in general may be performed, : 


fo, 
: k 
1 


1 


n: 


—:: 
1123: 
1008: 
— 

1152 
1152 


O rem. 


Rule 1. To reduce Pounds into Sbillings, multiply the Pounds by 20, the Shil- 
lings in a Pound, the Product will be Shillings; and to reduce Shillings into 
Pounds, divide the Shillings by 20, the Quotient will be Pounds. 5 
Rule 2. To reduce Shillings into Pence, multiply the Shillings by 12, the Pence 
in a Shilling, the Product will be Pence; and to reduce Pence into Shillings, 
divide the Pence by twelve, the Quotient will be Shillings. „ 
Rule 3, To reduce {quare Yards into Feet, multiply the Yards by v, the ſquare 
Feet in a Yard, and the Product will be Feet ; and to reduce ſquare Feet into 
Yards, divide the Feet by , the Quotient will be Yards, + . | | 
Rule 4. To reduce folid Yards into ſolid Feet, multiply the Yards by 27, the 
ſolid Feet in a ſolid Yard, and the Product will be ſolid Feet; and to reduce 
ſolid Feet into ſolid Yards, divide the Feet by 27, and the Quotient will be 
folid Yards. . | > Eh. 
Rule g. To reduce ſquare Statute Rods into ſquare Feet, 9 the Rods by 
2724, the ſquare Feet in a ſquare Rod, and the Product will be ſquare Feet; and 
to reduce ſquare Feet into ſquare Rods, divide the Feet by 2724, and the 
Quotient will be ſquare Rods. | a | 
Rule 6, To reduce Squares of Roofing, Tyling, &':. into ſquare Feet, multi- 
ply the Squares by Too, the ſquare Feet in a Square of Work, and the Product 
will be ſquare feet; and to reduce ſquare Feet into ſquare Rods, divide the 
Feet by 2524, and the Quotient will be ſquare Rods. | 
Rule 3. To reduce ſolid Feet into ſolid Inches, multiply the Feet by £428, the 
Number of ſolid Inches in one ſolid Foot, and the Product will be ſolid Inches; 
and to reduce ſolid Inches into folid Feet, divids the ſolid Inches by 1728, and 
the Quotient will be ſolid Feet. | | 
Rule 8. To reduce Loads of Timber to ſolid Feet, multiply the Loads by po, 
the Number of ſolid Feet in a Load of Timber, and the Product will be ſolid 
Feet; and to reduce ſolid Feet into Loads, divide the ſolid Feet by 50, and 
the Quotient will be Loads. | 5 
Theſe Rules, which are very plain, being underſtood, will render the Reaſon of 
all other Kinds of Reduction eaſy to the meaneſt Capacity; and as the Re · 
uction of Decimals will be beſt underſtood when Vulgar Fractions have been 
Eb | i expialned, 
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We GoLDen RULE, or Rurs of Tux Ez. 49 
explained, I ſhall therefore proceed to the Golden Rule, or Rule of Three j 
whole Numbers. 8 „ Sg Fr 
LECT. VII. The GoLven Rurz, or Rur of Tusk. 


1 Rule for its excellent Uſe is called the Golden Rule, and teaches to ſind 


a fourth Number, which ſhall have the ſame Proportion to one of three 
Numbers given, as they have to one another, and therefore is alſocalled the Rais 
of Ho This Rule is Direct, Indirect, and Compound. : | 

I. The ſingle Rule of Three Direct finds a fourth Number in ſuch:Properti 
to the third, as the ſecond is to the firit ; or as the ſecond is to the firſt, ſo is the 
third to the fourth. | 


ExAM EE I. If the Diameter of one Circle be 7, and its Circumference 22, what 
is the Circumference of another Circle whoſe Diameter is 14 Feet? 

Rule, Firſt place your Numbers as in the Margin, ſecondly, D. C. D. C. 
multiply 14 the third Number by 22 the ſecond Number, jy: 22::14: 44 
and divide their Product 308 by 7 the firſt Number, the 4 322 0 


Quotient 44 is, the fourth Number and Anſwer required. — 
No you mult obſerve that as the firſt and third Numbers 28 

are always of like Kinds, viz. both Diameters, fo likewiſe are 28 

the ſecond and fourth Numbers of like Kinds, being both Cir- — 
cumferences, of which the firſt is always given, and the laſt 7) 308 (44 

is the Anſwer required. Fs | 28: 

Note, When the fourth Number is thus found, place it next — m 

after the third Number, with two Dots of Separation between 26 
them as is done at c. The ſame Kind of Separation muſt be al- 28 

ſo always placed between the firſt and ſecond Numbers, as at _ 

4. But between the ſecond and third, always place four Dots o rem. 


or Points, as at 6, Theſe Points of Separation, ſo placed, —— : 
ſignify the following Words, viz. the two Points at a thus :, ſignify the Words, 
is to, the four Points at 6 thus: :, ſignify the Words, /o is, aud the two Points 
ate thus :, ſignify the Word to; and therefore the four Numbers, 7 : 22 :; 14:44, 
are thus to be read, vix. as 7 is to 22, /o is 14 to 44. And in fo like Manner, 
all other Numbers having the tame Analogy. ERP fo | | 
8 . | - EXAMPLE II. <1} | 

If the Circumference of a Circle be 22, whoſe Diameter is 7, what is the Di- 
ameter of another Circle whoſe Cicumference js 44 ? | 

Here the Nature of the Queſtion requires the two firſt Analogy. 
Numbers to bè placed the reverſe to thoſe of the foregoing C. D. C. D. 
Example; for as there the 4th Number required was the 22:7::44:14 


Circumference of a Circle, fo here on the contrary the Dia- 7 
meter of a Circle is required, But the Manner of wofking — 
by multiplying the third Number by the ſecond, and dividing 22) 308 (14 
by the firſt, is the Tame here as before, as is ſeen in the 22: 
Margin, where the Quotient 14 is the Diameter required. | 
Now as in both thefe and all other Examples in the Rule of 88 
Three Direct, the fourth Number is always equal to, or 88 
more than the ſecond ; ſo in the Rule of Three Indirect, the — 
fourth Number is always leſs than the ſecond.: and as the 4th o rem. 


Number in the Direct Rule is found by multiplying the ſe- — 
cond and third Numbers together, and dividing of their Product by the firſt Num- 
ber; ſo on the contrary in the Indirect Rule you multiply the firſt and ſecond 
into one another, and divide their Product by the third, as following. 
II. The Rule of Three Indireft. 

| EXAMPLE. | 
If 20 Men can perform a certain Quantity of Work in 50 Days, how long a 
Time will 40 Men be employed to perform the lame ? 


Keule 


50 The GorDen Rur x, or RuLs of Tues | 


Men. Days. Men. Days. Rule. Multiply 50 the ſecond Number by 28 
20 = 40 3 the firſt, and their roduct 1000, divide by 40 the 


a. third Number, and the Quotient 25 is the Anſwer 
hs: | required, A , of | ; \. ; : 
49) 1000 (25 1s : — 


III. The Golden Rule Compound. | | 
In the Golden Rule Compound, there are five Numbers given to find a fixth 
in proportion thereto, which Numbers muſt be ſo placed, as that the three firſt 
may contain a Suppoſition, and the two laſt a Demand. And that you may 
lace your Numbers truly, always obſerve, that the firſt Number be of the ſame 
enomination with the fourth; the ſecond of the ſame Denomination with the 

fifth; and the third with the ſixth required. | 

. : ExAmPeLE I. e 
If 20 Bricklayers, in 136 Days, perform 680 Rods of Brick-work, how many 
Rods can 12 Bricklayers perform in 28 Days? 6 | 
| Rule. Firſt, ſtate your Numbers as in the Mar- 
M. D. R. M. D. gin; ſecondly, multiply the two firſt Numbers to- 
20 136 680 12 28 gether, wiz. 136 into 20, whoſe Product is 2720, 


20 12 as alſo the two laſt, 12 and 28, whoſe Product is 
— — 336. Now the Anſwer to this Queſtion is found 
2720 336 by the Rule of Three Direct, for making 2720 
— =—— (the Product of the firſt two Terms) the firſt Num- 
2720 680 336 ber; the third given Number, 680 Rods, your 
680 ſecond, and 336 (the Product of the two laſt), your 
— third Number; then 228480, the Product of 680, 
26880 multiplied into 330, the two firſt Numbers, being 
2010 divided by 2720, the Quotient is 84, as in the Mar- 
gin at A, which is the fixth Number, and the An- 
2720) 228480 (84 A ſwer required. . 
91760 
10880 5 
10880 
O rem. 2 


To prove the Golden Rule, | ; 

As the four Numbers are Proportionals, that is, the 4th is to the 2d, as the 
3d is to the iſt; therefore the Square of the two Means (which are the ſecond 
and third) are always _ to the Square of the two Extremes (which are the 
firſt and laſt): that is to ſay, if the Product of the firſt and laſt Numbers, multi- 
plied into each other, be equal to the Product of the two middle Numbers multi- 
plied together, the Work is right, elſe not. NS 
a So 228480, the Product of 336, multiplied into 680, 

336 2720 which are the two Means of the laſt Example, as in the 
A 680 B 8&4 Margin at A, is equal to 228480, the Product of 84, mul- 
w— — tiplcdat 2720, the two Extremes of the ſame Example, 
26889 12880 as at B. Hence 'tis plain, that when the given Numbers, 
2016 21760 in the foregoing three Varieties of the Rule of Three are 
| truly ſtated (and which indeed is the only Difficulty in the 
228480 + 228,480 whole), the Manner of performing the Operations is very 
„ N 
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LET. VIII. Of Yulgar and Decimal Fractions. 
„ I. Notation of Fraftions, 3 N 
| F. Wie a broken Number, fignifying one or more Parts, proportionally of 

y Thing divided, and therefore is always leſs than Unity. It conſiſts of two | 
Numbers ſet one over another, with a Line between them, as 4, which fignifies 
one fourth, or quarter of an Integer or Unit ;, and fo in like manner, 3 ſigniſies 
one half; 4 three fourths, or three quarters; 4 two thirds; 4 one third; } three 
eighths ; 4 five eighths, c. The upper Number is called the Numerator, and 
| the lower the Denominator. In all Fractions, as the Numerator is to the Deno- 
minator, ſo is the Fraction itſelf to that Whole, of which it is a Frachion. Hence 
tis plain, that there may be infinite Fractions of the fame Value one with ano- 
ther, for there may be infinite Numbers found, which ſhall have the Tame. Pro- 
ion one to another. So 4, r, zu, are each of the ſame Value as 3; 
and 4, , 1% 45, are each of the ſame Value with 4.. When the Numerator is 
leſs than the Denominator, the FraQion is leſs than an Unit, and therefore is 
called a Proper Froction; but when the Numerator is either equal to, or greater 
than its Denominator, the Fraction is called Improper, becauſe *tis equal to, 
or greater than an Unit. So; is equal to 1, as alſo $, and 5, Sc. and F is 
equal to-1 3, and 3 to 1 3. Fractions are fingle or compound: Single Frac- 
tions are ſuch as have but one Numerator, and one Denominator, as # two 
thirds, 4 three fifths Fr, nine elevenths, : five twefths, c. Compound 
Fractions are Fractions of Fractions, and are ſuch as conſiſt of more than one 
Numerator, and ene Denominator, as + of -*. of 20, that is to ſay, one Farthing, 
which is 4 of a Penny, which is I of a Shilling, which ig «5 Of a Pound Ster- 
ling. All Fractions, whoſe Numerators and Denominators are proportional to 
one another, are equal to one another, as before obſerved. 80 is equal to 3, 
and + to f, Sc. When Integers and Fractions are joined together, as 1 2, 
or 7 *r Or 15 3, they are . mixed Numbers. Things commonly expreſſed 
by Fractions, are the Parts of Coin, Weight, Meaſure, Sc. So Inches are Frac- 
tions, in reſpect of Feet, and Feet are Fractions in reſpect of Yards, Rods, c. 
As Addition and Subtraction of Fractions cannot well be performed without the 
Knowledge of the Reduction, I ſhall therefore firſt teach you Reduction. 
II. Redudtion of Vulgar Fradtions. 3 
By Reduction you are taught, firſt, how to bring Fractions into their leaſt 


* equivalent Parts, and their various Denominators into common Denominators, 


or into one Denominator. Secondly, to find the Value of any Fraction in the 
known Parts of the Integer. And laſtly, to reduce whole or mixed Numbers 
into improper Fractions, and improper Fractions into mixed Numbers. | 
I. To bring Fractious into their leaft equivalent Parts, FAN 
Rule. Firſt, Divide the Denominator by the Numerator, and the Diviſor by 
the Remainder, if any be: thus continue to divide the laſt - Diviſor, by the laſt 
Remains, till nothing remain, and the laſt Diviſor is your greateſt common 
Meaſure ; by which dividing the Numerator and Denominator, and their Quo- 
tients being placed in a fractional Manner, will be a new Fraction equal to the 


given Fraction, and in the leaſt Parts. OT 5, | 
6 EXAMPLE, Let {433 be a Fraction given, to be reduced into its leaſt 
erms. 


Firſt, the Denominator 8 19, divided by 637, 637) 819 (1 
the Numerator, the Remains is 182, as at 637 
A. Secondly, the Diviſor 632, divided by. — 
182, the Remains, as at B, the Remains is 91. A 182 rem. 
Thirdly, the laſt Diviſor 182, being divided 8 


by the laſt Remains 91, as at C, and o re- 182) 637 (3 
mains; therefore 91, the laſt Diviſor, is 545 a 
the greateſt common Meaſure required. — 
Fourthly, divide 637, the Numerator of the B 91 rem. . 
g | given 


= 


"8. Of Vulgar and Decimal FrAcTIONs. : 


 C91)182(2 given Fraction, by g1, as at D, and the 
: ws | tient 7 is a new Numerator, Fifthly, divide 
— 819, the Denominator of the given Fraction, 
| o by 91, as at E, and the Quotient g is a ner 
| | |  Denominator. Laſtly, the laſt two Quotients, 
D 91)637(7 new Numerator. 7 and q, being placed as at F, will be the new 
| „ Fraction required; and equal to f 3, the given 
— =P Fraction. l i 
o rem. „ TE x 
E 91)819(g new Denominator. 
Lo 819 . 
o rem. 


FI new Fraction equal to 713. 


Note, When it happens that your laſt Diviſor is an Unit, the Fraction is in its 
leaſt Terms already, becauſe 1 neither multiplies nor divides, | 
It is alſo to be obſerved, that ſome Fractions may be abbreviated, by halving 
both your Numerator and your Denominator, as often as you can, and which 
may always be done, when both Numerator and Denominator end with a Cypher. 


II. To reduce ſeveral Fractions, whoſe Denominators are different, into other 
Fraftions having a common Denominator.  _ | ? 
Role. Firſt, multiply the Denominators into themſelves, and their Product is 
a new Denominator common to every Fraction. Secondly, multiply every Nume- 
rator into each Denominator continually, except its own; which be new 
Numerators. | os OTE: 


Exan PLE. Let 4, à, à, be Fraftions given to be reduced into other Fractions, 
avhich ſball have one common Denominator. 5 


Operation. Firſt, to find the common Denominator, I ſay, the 


. Denominator 2, into the Denominator 4, is 8; and 8 into the 
24 35 27 minator 6, is 48, the new Denominator required, which place under 
6 c each Fraction, as at a 6 e. Secondly, to find the new Numera- 


tors, I ſay, the Numerator 1 into the Denominator 4, is 4; aud 
4 into the Denominator 6, is 24, which I ſet over 24 at a. Then the Nu- 
merator 3, into the Denominator 2, is 6, and 6 into the Denominator 6 is 36, 
which I place over 48 at 3. Thirdly, the Numerator 5, into the Denominator 2 
is 10, and 10 into the Denominator 4 is 40, which I place over 48 at c. Then 
will 34, 35, and 39 which have one common Denominator, be equal to the given 
; Fractions 4, 3, , as required. 19 x 


III. To find the Falue of any vulgar Fraction in the known Parts of the Integer. 


Rule. Multiply the Numerator of the Fraction by the known Parts of the 
next leſſer Denominator, and that Product being divided by the Denontinator, . 
the Quotient is the Parts of that Denominator required. W 

Ex AurLE. How many Inches are contained in 0 of a Foot, 

75 as the next leſſer denominative Parts of a Foot are Inches? I there- 

12 fore multiply 75, the Numerator, by 12, the Inches in a Foot, and 

1 the Product goo, being divided by 100, the Denominator, the 

10000 0 % Quotient g, is the Number of Inches, which are equal to 9 as re- 

— uired. This may alſo be found by the Rule of Three Direct. 
1179. ö | 
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the . as before N and the Quotient i is _ — n But 
| H c 


ED 


o Vulgar and Decimal FRACTIONS: — 2 


If the given Fraction i be Parts: of a Yard, 78 
1 many Feet and In- Az 
e too thereto, multiply the Numerator 7 7h» 
by tle eet in a Yard, as at A, and the Prod 100) 2125 (2 Feet 
225 being divided by the Denominator 100, the 235 rem. | 
Quotient is 2 Feet, and 245 remains. Now in all 12 Inch. in a Foot. 


Kind of Caſes, when a Remainder happens, multi- 
y the Remainder by the Parts of the next leſs 100) 158 3 Inches. 
ination, and divide by 100 as before. So 
here, as Inches are the next leſs Denomination, | 
therefore the Remainder 25 being m ee 12, the Inches in a Foot, and the 
Product 300, divided by 100 1 uotient is 3 Inches. Theſe two b 
Quotients, 2 Feet and 3 Inches, — and Inches which are equal to 


ves of a Yard, as required. 


Re the fame Manner, the Value of 244 of a 3 Seerliag, wilthe found to 
ub 64. 2 f. which to find, after having multiplied the Numerator into 20, 
the Shillings'in a Pound, which are the next leſs- Denomination, and divided the 
hem wig 480 the Denominator ; mu multiply the Remains by 12, the Pence in a 
Tn ; and the Remains of that Product, after dividing it by 480, e 
Farthings in a Penny, the next leſs Denomination, &c. | 

7% . To reduce whole or mixed Numbers into i r Fraftions, and improper 

\ Fraftions into mixed Ss 

Bir, If your Number be an Integer, and the given ea be 12, it 
is done by makingan Unit the Denominator, and 13 the Numerator, as thus . 
— if the given Number be mixed, as t yr, then _— 12 the Deno- 


3 7 to. 12, equal to 10, is the Numerator, and the Fraction is thus 
ed 42. 7 Third y,to reduce an impr Fraction to à proper Fraction, dis 
vide the Numerator by the Denominator, the Quotient will be Integers, 2 the 


Remains, if any, will be a Numerator to the 1 Denominator. 1 
4 its for 59 divided by 12, the Quotient is 4, and 11 remains. 
V. To reduce a compound Fraction into = fagle Fraftion. 
Rale. Multiply all the Numerators one into another, Br anew Numerator, and 


| the Denominators, one into another, for a new Denominator, which being placed 


in a * will be the Fraction required. 
of , is e that is 11 Pence, which is 1%of a Shilling, which is 
* od; is Nes that is, it is yet rr Pence, becaulc the new NS 
_ is equal to the Pence in a Pound an 
III. Appirtion of FRACTIONS. 
Before the Addition of Eractions can be well performed, you A firſt oblerve 


_ to reduce every given Fraction to be added, into its leaſt Terms, * then the 
Work is very cu, | | 


as appears by the following Rules. | 
I. To add Fraftions of the ſame Denomination. 

Rule, Add all the Numerators into one Sum, for a new Numerator, . 
the ſame Denominator ; and when the new Numerator is ter than the Deno- 
minator, divide the Numerator by the Denominator, a the Quotient! wAl be 
the Integers's and Parts, 

So if Ir, Vr, 1%» tp v: be given Fractions to be added, the Sum uf the Nu» 
merators added together, is equal to 32, and the Fraction is #4 ; and as the Nu» 
merator 32, is greater than 12 the Denominator, therefore divide 32 by 12, and 
the Quotient is 2 1. equal to 2 #, or 2 75 which is the Sum of _ r as 


N | 
II. To add Fraction of divers — i | 
Kale. Firſt, reduce the Fractions to be added, into one — 8. 
condly, add all the N umerators into one Sum. Thirdly, if the 8um of the Nu 
merators be greater than the Denominator, divide the Sum of the Numeratom by 


when 


| 
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when the Sum of all the Numerators is leſs than the Denominator, then the Sum 
of the Fractions is the new Numerator required. To ig is Ren 
IV. SunTRACTION of FRACTIONS, | 43 
Rule, Firſt, reduce the two Fractions into one Denomination, Secondly, ſub- 
tract the leſſer Numerator from the greater, and the Difference is the Remains 
a required. ; 8 EC * . Ft #4 : * 
| V. MurTrieticatios, of Fracrtions.' | By TOY 
Before Fractions can be multiplied, if there be any mixed Numbers, they muſt 
be reduced into improper Fractions, and if any are compound Fractions, they 
muſt be reduced to hogle Fractions ; and then the Fractions being all reduced to 
the loweſt Terms, this is the Rule. 2 05.5 5 5 eee 
_ Firſt, multiply the Numerators into each other, their Product is a new Nu- 
merator. Secondly, multiply the Denominators into each other, and their Pro- 
duct is a new Denominator. So 5, multiplied by 2, the Product is 4, equal to 
; and ſo in like manner 3, 5%, 8, £;, multiplied into each other, their Product is 
19; which reduced into the leaſt Terms, is . Now from hence tis plain, 
that the Multiplication of Fractions is the very ſame thing, as to reduce a com- 
popnd Fraction into a ſingle Fraction, as was but now taught in the Reduction 
of Fractions. And fo in the ſame Manner, ten thouſand Fractions placed before 
one another in a right Line, may be multiplied into each other. K 6d 
| „ VI. Division of FRACTIONS. + 97 
Before any Procęeeding can be made in the Diviſion of Fractions, that ars 
mixed or compound, and not in their leaſt Terms, they muſt be prepared as be- 
fore was taught in Multjplication, and then proceed by the following Rule. 
Rule. . Multiply the Denominator of the Divifor, by the Numerator of the Di- 
vidend, and their Sum is the Numerator of the Quotient; and the Numerator of 
the Diviſor being nn the Denominator of the Dividend, the Product 
is the Denominator of the Quotient. pi ib hr *: 7: 
\* -* _» ,; Suppoſe 3 be to be divided by. 5, as in the Margin at A, 
A then 6 the Denominator of the Diviſor, multiplied into 3, the 
3) 3 (4$or 5% Numerator of the Dividend, the Product is 18 for the Numera- 
B. 14 tor of the Quotient, and 5 the Numerator of the Diviſor, multi- 
15) 4 (18 or. 5 plied into 4 the Denominator of the Dividend, the Product 20 is 
| the Denominator of the Quotient required. 80 $z divided by 
J as at B, the Quotient is 38, equal to 3. | TOR EPI INT rhe 
A general Rule for all Sorts of compound Divifiens. I. When there is a Fraftion in 
the Diviſor or Divided. TY e 
Rule, Multiply the Diviſor and the Dividend by the Denominator of the Frac- 
tion, adding the Numerator to that to which it belongs, and their Products be- 
ing divided as Integers, the Quotient will be the true Quotient required. ' 
So 271, divided by 7 $, the Diviſor ; multiplied by g the Denominator of the 
Fraction, whoſe Product is 63, being added to 8 the Numerator of the Fraction, 
their Sum 71 is a new Diviſore And then 291, multiplied by the Denominator 
9, the Product 2439, is anew Dividend, which being divided by 71, the Quotient 
is 34 +; and ſo in like manner, if 295 7 be to be divided by 27, then 27 multi- 
plied by 8, the Denominatgr of the Fraction, the Product 216 is the new Diviſor, 
and 295 the Integers of tue Dividend, multiplied by 8, and the Numerator 7, 
added to the Product, the Sum 2367 is a new Dividend. Now 2367, divided by 
216, the Quotient is 10 222, equal to 124. 5 A 
5 H. en there are Fraftions in both Diviſor and Dividend. 
Rule. Firſt, reduce the two Fractions into one Denomination; ſecondly, multi- 
ply the Diviſor and Dividend by the Denominator common to both rationsg 
«nd to their reſpeQtive Products add their Numerators ; and then their Sums 
being divided as Integers, the Quotient will be the Anſwer required. So if 275 + - 
de to be divided by 305, the two Fractions reduced into the ſame Denomination, 
will be 18, and $4. Now 39, the Integers of the Diviſor being multiplied by 56, 
d 40 the Numerator of ite Fraction added to it, is equal to 2224 which is a new 
8 \ > Diviſor o 


* 
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for, 
or 75 7 


d by 


would have Places in the Decimal, which being divided by t 
Quotient will be the Decimal required. | 
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VII. RxDpUcrioN, or rather the changing of Vulxar Frafions into Decimal 
 Fraftions, and Decimal-Frafions into Fulpgar Fractions. | | . 


Rule; Annex as many Cyphers to the Numerators of the "own Fraction, as you 
e Denominator, the 


So to reduce + into a Decimal of two Places, I add two Cyphers to 3 the Nu- 


merator, making it 300, which being divided by 4 the Denominator, the Quo- 


tient 75 is the Decimal required. In like manner, if *twas required to have had 


the Decimal of 3 Places, then 1 ſhould have added 3 Cyphers to the Numerator 


3, making it 3000, which being divided by 4, as before, the Quotient would be 


750, which is equal to,75. For Fg is equal to d becauſe cutting off the 


laſt Cyphers in both Numerator and Denominator, thus 23818 the Remains 1² 


is then the ſame as the other Fraction. 


Vulgar Fractions may be changed into Decimal Fractions by this Analogy, vis. 


as the Denominator of the Vulgar Fraction is to its Numerator, ſo is the given 


Denominator of the Decimal Fraction to its Numerator required. So if n be a 
Vulgar Fraction given, to be changed into a Decimal, whoſe Denominator is 100; 


then as 120: 96 f: 100: 80, ſo that Bois the Decimal required, and on the con- 


trary. Decimal Fractions may be changed into Vulgar Fractions by this Ana- 
- ogy, viz. as the Decimal Denominator is to its, Numerator, ſo is the given Vul- 


gar Denominator, to its Numerator required, 82 
Let y be changed into a Vulgar Fraction whoſe Denominator is 120; then 
as 100: $0:': 120 :96, ſo that gd is the Vulgar Fraction required. ME. 
| Note, It will happen in many Caſes, of changing Vulgar Fractions into Deci- 
mals, that there will be ſtill a Remainder although you ſhould annex ten thouſahd 
Cyphers to the Numerator of the given Fraction; and therefore it is to be noted, 
that if you make the Decimal to conſiſt of five or fix Places, it will be near 
enough in almoſt every Caſe of Buſineſs, and the Remainder may be rejected as 


of ne Value. 


Now there only remains to ſhew how to find the Value of any given Decimal 
Parts of a Foot, Pounds Sterling, Sc. which is done by this 

Rule. Multiply the given Decimal into the Units that are contained in the Integer, 
{as in Decimal Multiplication) and the Product <will be the Value of the — 


e Ki ExanetsL | 6 

. uppoſe „78 52 be a given Decimal, whoſe Integer is a Foot. | 
Here the Decimal „7852, multiplied. by 12, the Inches or Units 7852 
that are contained in a Foot, which is the Integer, the Product is 12 
941 25 which is ꝙ Inches, and, 4124 Parts of an Inch. And if we 


ſuppoſe an Inch to be divided into 100 Parts, then multiplying 4124 0,4124 


the Remains by 100, the Product is 41, 2400, which is 41 hundred 100 
Parts of an Inch, and the Remains 2400, is 2400 Parts of one hun- 
dredth Part of an Inch divided into ten thouſand Parts, So that re- 41,2400 
jecting this laſt Remains 2400, the Value of the given Decimal is g Inches and 
41 hundred Parts of an Inch. | N 2 


) 


Ir ur n IL ö 
vuppoſe the aforeſaid Decimal fignify a Decimal Part of a Pound Sterling. 


/ 


. ws as; : Then 


Diviſor, and 275 the Iategers of the Dividend, multiplied into 56, with 21 its 
new Numerator, added to the Product, is equal to 15421, which being divided by | 
2 2224, the Quotient is 63233, which Fraction is in its leaſt Terme. 9 


— 


% 


> x ; U 
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: Tuben „852, multiplied into 20, the Units, or 


77852 _ Shilliogs i F Shillings in 8 Pound, the Aero 
20 in 14. 15,5040 is 15 Shilling, and 7070 remains; whi 
— by multiplied- = he Vs the next leſs 
15,70 2 - +, Integer, vis. the Fencein a Shilling, - the Product 
12 the Pence in 15, 8, 4480 is 8 Pence, and 4480 remains; and which 
— being multiplied by 4, the Farthings in a Penny, 
8,440 . Product is 1,7920, Which is one Farthing, and 
4 the Farthings in 14. 7920 Parts of a Farthing, the Farthing being di- 
— 3 _ © vided into ten thouſand Parts, So the Value of the 
1,7920 | Decimal, 78 52 Part of one Pound Sterling, is 15 


| 2 

— . _, .  Shillings, 8 8 and 1 Farthing, rejecting the 
. 4 laſt Remains 7920. Thus, a due Regard being 
had to the Number of Units, which are captained in the Denomination of the 
Integer, to which the Decimal Parts belong, e of a Decimal . 
may be reduced or changed into the known Parts of what they repreſent, 


| LECT, IX, The Extraction of the Square and Cube Roots, 
| O extract the ſquare Root, is nothing more than to find the Side of a Geo . 
: metrical Square, whoſe Area is equal to a given Number.of Units, which 
are generally called a ſquare Number. A ſquare Number, is that which. is pro» 
duced by any Number multiplied into itſelf: As for Example, 16 is a ſquare 
Number, which js produced by 4 multiplied into 4. So in like Manner, gisa 
ſquare Number, produced by 3 multiplied into 3. The Side of a geometrical 
Square, equal to any given Number, is called its Root. a | 
In the Margin is a Table of ſquare Numbers, whoſe Roots are the 
Ro. Squ. nine Digits, and which being nothing more than a Part of the Mus“ 


"i 1 tiplication Table, it is ſuppoſed you have it already by Heart. 
2 4 . LES 6 « 
3 | | | | 
4 7 18 I ö . , » 
=" "a> 8 > | 
6 36 - 
7 9 | | 
3 5 
2 | , 
7 Let 672 be a Root given to find its ſquare Number, © > | 
4167 Rule. Multiply 672 into itſelf as at 7 », 
m 672 | | whoſe Product is 4 1584s the ſquare Number 
— required, and whoſe Root is thus extracted, 
Soak - =; viz, Firſt, place a Point under the firſt Figure 
4704 to the right Hand, as at c, and at every other 
4032 | Figure towards the Left, as at q and a ; and ob» 
— 4er ſerve, that as many Points as the ſquare Num- 
451584 (672 ber contains, ſo many Places of Figures the 
1 ? | Root will conſiſt of. Secondly, make a*Cratch- 
| et as at = and y on the right Hand Side of the 


2 . . ſquare 3 as is —_ 13 and 
| note, that every two Figures ſo poin are 
Wake ri Refolyend, t . Vibdls, fed in the 


8 1 pat the Suns ſquare N 5 9 
tained in the Punctation to the left 
ne n viz, jn 45, which is 36, whoſe Root is 6. 


e Place 36 under 45, and its Root 6 in the Quo ; 
o fem tient, as at 4, and ſubtracting 36 from 45, the 
: Remains is 9, which place under 36, This is 


your 


4 


\ ö 


% 
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-your firſt Work, and is no more to be repeated. Fourthly, bring down the next 
PunGation 15, and join it to the Remains , making it 915, which is your firſt 
Reſolvend, and on its left Side make a Crotchet, as 18 done in Diviſion to ſe- 
parate the Diviſor from the Dividend. Fifthly, double the Root 6, it makes 


32, which place on the left of the Reſolvend, as at g. Then rejecting the laſt 
Figure 5 in the Reſolvend (which is always to be done) Tee how often the Divi- 


for 12 is contained in the remaining Figures 91, which being 7 Times, therefore 
put 7 in the Quotient at e, and alſo on the 1 of the Diviſor at ij, and 
multiply 127, the Diviſor increaſed by 7, whoſe Product is 889, which place 
under 918, and being ſubtracted from it, the Remains is 26. This being done, 
brin 24 | ion $4, and join it to the Remains 26, making it 2684, 
which is a ſecond Reſolvend, and then proceed as before, as follows, viz. Firſt, 
double 67 the Root ſo far found, makes 134, which place on the left of the ſe- 
cond Reſolvend, as at h, and ſee how often 134 is contained in the Refolvend, « 
the laſt Figure excepted, vis. in 268, which is two times. Set two in the Quotient 


© at ½ and onthe right Hand of that. laſt Diyilor 134 making i 1364, wed. 


being multiplied by 2, the laſt Figure in the Quotient, its Product is 2684, which | 


deing placed under the ſecond Refolvend, and ſubtracted from it as before, o re- 


mains; which ſhews that 451584 is a ſquare Number, whoſe ſquare Root is 673, 


a Note, Firſt, when the ſquare Number contains 4 or more PunAations, as the 


Remains are produced, the next Punctation is to be brought down, and joined to 


the Remains for a third, c. Reſolvend; with which you are to 8 in every 
Reſpect as before with the firſt and ſecond Reſolvend. Secondly, that if at any 


time, when you have multiplied the Number ſtanding in the Place of the Diriſor, 


by the Figure laſt found in the Quotient or Root, the Product be greater than 


the Reſolvend, then in ſuch a Caſe, you are to put a Figure leſs by, on,” than 


the former, in the Quotient, and multiply by it as before: and w Re» 
mainder be greater than the Diviſor, put a Figure greater by ene in your Quo- 
tient, and 3 it as before. Thirdly, if at any Time the Diviſop candot 
be had in the Reſolvend, then place a Cypher in the Quotient, and alſo on th 


right Hand of the Diviſor, and to the Reſolvend annex the next Punctation for a 
new Reſolvend, with which proceed as before. When it happens, that, after Ex- 


traction is made, there is a Remainder, the Number given to be is 
called an irrational or ſurd Number, and its Root cannot be exactly obtained, al- 
though by adding Cyphers you may come as near the Truth as is required, but 
never can come at Truth i EB 8 | 5 a 

As for Example, *tis required to extract the ſquare Root of 160, 


y - 


Fug, 


I ; 
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4 150 (12,6491 - Iquare of 1 is 1, which place under r, and 
11 ſubtracting x from 1 remains &, ſet 1 in 
e 5 the Quotient, and to o, bring down the 

- 22 Jobo firſt Reſolvend. next Punctation 60, making the Remains 
Ie tr | o, 0. Secondly, double the Quotient, 
„„ . 1, makes 2, which place for your Diviſor 
Wh 24.6) 1600 ſecond Reſolvend. at J. Now as 2 is contained 3 Times in 6, 
14765 if you was to place 3 in the Quotient, 
r and 3 on the right Hand of the Diviſor 2, 
262,4) 12400 third Reſolvend. as before taught, to make the Diviſor 23, 
5 10096 then 23 multiplied by 3, would be equal 
x ee ee WY e- + reater 383 

Fed | ourth Reſolvend. eſolvend, and therefore cannot u 

252859) 27881 i gh Y 822 tracted from it : therefore in this Caſe, as 

| 3 1 _ On * A ne: in the 

„odo fifth Reſolrend. Quotient le 1 t e Viz. 2 
2529551) 279999 ny ar and the ſame on the right Hand of the Di- 


/ 
. 


SD 252981 wy "> t wy 5 on at e 1 
| thReſolrend. the Diviſor 22 2 in Quotient, 
e _ _ the Product is 445 which being placed | 
OBE! of 4, 654 1 the firſt * 60, Fe 

| | : - traced from it, emains is 16, Third 

16397 MAE. | ly, to the Remains 16, annex two Cy- 


; 5 — 1ers, ks at @ 6, making it 1600 for a 
ſecond Reſolvend; and then proceeding as before, the next Figure in the Quo- 
tient will be 6, and 124 remains, to which annex two Cyphers more, as at c 4, 
making the Remains 124, 12400, which is your third Reſolvend. Proceed in like 
manner, by continually adding two Cyphers to each Remainder, until you have 
increaſed the Figures in the Quotient to as many Places as may be required. 
In this Example I have increaſed them to 5 Places, which I apprehend to be 
near enough for any Buſineſs, for if Unity was divided into a hundred thouſand 
Parte, there would not be two Parts wanted; for 12,64911, being multiplied 
into itſelf, its Product is 159,999983 7921, which is very near equal to 160, the 
given number to be extracted, and as the Fraction ,F 999983792 1, is leſs than the 
Fraction ,00002, therefore the Root is not two Parts of one hundred thouſand. 
Parts of an Unit leſs than the Truth. Of. WIS Bo f W 

To extract the Square Root of a Yulgar F raction, which is commenſurable to its 
Root ; that is, a Fraftion which, after that Extrafion is ended, hath no Remains. 

' Rule. Extract the ſquare Root of the Numerator for the Numerator of the 
noo and alſo the ſquare Root of the Denominator, for the Denominator of the 
aid Root. : 

To extra the Square Root of a Vulgar Frafion, which is incommenſurable to its 
Root ; that is, a Fraftion which, after that Eætractien is ended, bath a Remain. 

Rule. Reduce the given Fraction into a Decimal, and then extract its Root as 
before taught: or find the integral Part of the Root, to its Quadruple, and then 
adding Unity for the Denominator of the Fractional Part, the Remainder being 
doubled, is the Numerator. So the Root of 160 in the foregoing Example, is 


I2 4 
4 | The Extraction of the Cube Root. | | 
A Cube Number, is that Number which is produced by multiplying any 
Number into itſelf, and its Product again by the ſame Number. So 64 is a Cube 
Number, produced by 4 multiplied in 4, equal to 16, and 16 into 4, equal to 64. 
A Cube Number, is a ſuppoſed Quantity of Matter, put together in the Form | 
of a Dice, as Figure Y, Plate II, and the Length or Meaſure of one Side of ſuch a 
Body, is called its Root; therefore to extract the Cube Root of any given cubi-- 


ſolvend, excluſive of the two laſt rejected 


WT 5 2 
c n 3 
2 * * 2 1 
: 4 5 N 


* 
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8 Number; i is nothing more than to find the Length” ue of a cube "ys 


which contains a Quang _ to the Number given. ü Ne ee 


As in the ſquare Root, a Table of the Squares of the 9 Digits i is) Foley! 


of uſe for the ready finding the neareſt leſs Square in a Punctation, ſo Ro. cu. 
here a Table of the cubick Numbers of the nine Digits is of very "7 1 3 5 


great uſe for the immediate finding the neareſt leſs cubick Number in 2 
2 . E e e rg | * 21 
| ma ' 8 4 * 4 

-  Let8bea Root i , to fund its be Messers A I2 

| Multiply 8 into 8, its to 64 is the ö 2416 
uired. This is alſo led — . of a 1 e 7 343 
eee 1 512 
8 9 749 


IE ee be | To extra the Cube b. 5 


11 146363 183 bea cubed Number given to find} its Root. | 


Firſt, point the firſt Figure towards the 3 
right Hand, and then every third Figure d ef * * 
towards _ left, as at Fed. Secondly, © 146363183 (527. 


look in your Table of cubed Numbers, 1 25 


and fi the neareſt leſs cube Number to 
146, the firſt Punctation, which is 125, 79 21 | 21.3.63. firſt Refolvend, 


whoſe Root is 5. Place 5 in the Quo- 5 150 
tient at a, and 125 under 146, and ſub?: 460 e | 
tracting 125 from 146, the Remains is 27. 4 8 $2, 5 


This is your firſt Work, and no more to(aq : 
be done. Thirdly, to 21 the Remains, 15608. — N 
annex 363, the next Punctation, making - — U 

eh 303, which 1 is your firſt Reſolven 


Now to find a Diviſfor, by which you are u 56784 
to divide this Reſolvend, its two laſt Fi- 1 * Subducends. | 
Zures excepted, which are always to be | Þ 343 | 
| rejected, proceed as follows, wiz. Firſt, | 
ſquare the Quotient 5, makes 25, which 5788183 e | 
Triple makes 75, which is the Diviſor 6... 
quired, as at g. Then ſay the 75 in 0 rem. 


213 (the Figures remaining in the Re- | 3 


av aforeſaid) is 2 times, equal to 150, which nc under 213, as at 5, ws ſet 
2 in the orient at 6. Secondly, treble 5, the firſt Figure of the Root, equal 


to 15, which multiply by 4, the Square * 2, the laſt Figure in the Quotient 


makes boy which place under 150, one Place forward to the right Hand, as at i; 
alſo Cube 3, the laſt Figure of the Quotient equal to 8, which place under 60, 
one Place more to the right, as at # Then the 3 Subducends, 150, 60, and 8, 
being added as they ſtand, their Sum make a Subtrahend 1 5608, which being 
ſuhttacted from the firſt Reſolvend, there remains 5755 ; to which bring down 


and annex the next Punctation 183, making 5755183, for a ſecond Reſolvend id | 


with which you are to proceed, as before ; but to . make the Performance qui 
eaſ\ „I will explain this Repetition alſo, as follows. 
irſt, Find a Diviſor as follows, iz. Square 52, the Quotient already found, 
makes 2704, which trebled makes 8112 the Diviſor required. ' Then lay, how 
often $112 in 57551, (for here as before the two laſt Figures 83, of the Reſol- 
vend, are to be rejected) anſwer 7 times, equal to 56784, which place under 
$7581, of the Reſolvend, and ſet 7 in the Quotient at c. Secondly, treble. 52, 
rſt and ſecond Figures of the Root, equal to-156, which 5 by49 the 
OT" of 7, the laſt Figure in the Quotient makes 564% which Place under 
4 


2 + nt 25 56784, ; 


% * 


8119 575 N. 83. ſecond Reſolvend, | 


FE? 


tracted from 5755183, the ſecond Reſolvend, n 


/ 


60 n * and. Decimal bac rio hs. 


% 4s 
- 


6 eee a Hand, as at 1; alſo Cube , the laſt Figure in 
ot 1 to 34 2 place under 7644, one Ps — 


as at p. Then the ubducends 56784 at ar, 7644 at u, and-343 at being 
bid 26 ey —— their Sum mi ubtrahend, 5755183, which bong fate 
remains ; which ſhews that 


the given Number 146363183 is a cube Number, whoſe Root is 527, as 
ote I. As many Puntlations as any given Number contains, except the if 45 
Times is the Work to be repeated. 

II. That in all Extrattions, when a Diviſor cannot be found ſo often ac duce is 
it Dividend, or if it can be found, and yet there ſpall ariſe a Subtrahend greater than 
the Reſobvend, in both theſe Caſes a Cypher muſt be put 2 ; 
the laft Divifos alſo, for a new Diviſor ; and the next — being one 
| and added to the laſt Reſolvend, a new Refobvend, with which 


as before. 
II. er ht 


Reſolvend, which very often happen, ſuch are called irrational or ſurd Numbers, 
| becauſe their Roots cannot be exactly diſcovered. But: if to ſuch Remainder 
u annex three Cyphers, continually, as you did two Cyphers in the ſquare Root, 
ba may come very near te the Truth, as was there ſhewn. 
To extraft the Cube Root of a Vulgar Fraftion which is commenſurable to its Root. 
Rule. Extract the Cube Root of the Numerator for the Numerator of the 


| Root; and the Cube Root the Denominator for the Denominator of the ſaid 


Root. 
To extrad? the Cube Root nearly, of a Vulgar Fraflion remaining, incommenſurable 


| te its Root. 


Rule. The Integral Part of your Root being firſt found, as before tau ught, to to 


' * the Treble thereof add ond, an that Sum added to the Square of the ſaid Root 


ed, is a Denominator ; to which the lat Remainder, afier Extraftion is 


Red, is the Numerator. 
A Table of the Roots of all ſquare tek 8 1 to 50, calculated 
by Tuomas LAN IE v. 


2 Cube R. Sq. Cube R. Sq. Cube N. $q. cube 
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Thus have I given all the uſeful Rules in Vulgar and Decimal Arithmetic. 


both in whole Numbers and in Fractions, which if well conſidered will be, not 
only very ſoon and w_ underſtood,” but vaſtly. advantageous to every Work- - 
man in the Execution of his Employs. And as a perfect Knowledge herein may 
be ſoon acquired by employing the leiſure Hours of Evenings when the Labour 
of the Day is over, I humbly conceive that every one who will ſo employ him- 
ſelf will find, not only a very agreeable Amuſement, but very great Hike in the 
Performance of his ſeveral Works, excluſive of the Reputation that will attend 
him alſo. But ſuch Perſons who will be ſo remiſs as to by by this Work in their 
Cheſts, c. without taking either Pains or Pleaſure herein, cannot expe& that 
Advantage which others will enjoy. b | OE : 


- 


PART II. Of GromerRry. 


INTRODUCTION, 


HE next Science in order after Arithmetic is Goukrar, the moſt ex- 
1 cellent Knowledge in the World, as being the B/ or Foundation of all 
Trade, on which all Arts depend. + | 
GeomeTRy is ſpeculative and practical; the former demonſtrates the Proper- 
ties of Lines, Angles and Figures ; the latter teaches how to apply them to Prac- 
tice in Architecture, T rigonometry, Menſurgtion, Surveying, Mechanicks, HPerſpedtive, 
Dialling, Aftronomy, Navigation, Fortification, &c. This Art was firſt invented 
by JaBar the Son of Lanizga and Apan, by whom the firſt Houſe with Stones 
and Trees was built. 5 Ot 
Jana was alſo the firſt that wrote oa this Subject, and which he performed, 
with his Brethren, JuBar, Tosa Cain, and Naaman, who together wrote 
on two Columns the Arts of Geometry, Muſick, working in Braſs and Weaving, 
which were found (after the Flood of Noau) by Hermarines, a Deſeendant 
from Noah, who was afterwards called Hzexmes, the Father of Wiſdom, and 
who taught thoſe Sciences to other Men. So that in + ſhort time the Science of 
1 became known to many, and even to-thoſe of the higheſt Rank, for 
the mighty Nixon, King of Babylon, underſtood Geometry, and was not only 
a Maſon himſelf, but cauſed others to be taught 2aſonry, many of whom he ent 
to build the City of Maeve and other Cities in the Eg. Azxanam was allo a - 
Geometer, and when he went into Egypt, he taught Euclin, the then moſt 
worthy Geometrician in the World, the Science of Geometry, to whom the 
whole World is now largely indebted for its unparalleled Elements of Geome- 
try. Hizam, the chief Conductor of the Temple of Solomon, was alſo an ex- 
5 a Geometer, as was Gxecvs, a curious Maſon who worked at the Temple, | 
and who afterwards taught the Science of Maſonry ii France. | 
Exel was entirely unacquainted with this noble Science, until the time of 
St. Al Bau, when Maſonry was then eſtabliſhed, and Geometry was taught to moſt 
Workmen concerned in Building; but as ſoon after this Kingdom was frequently 
invaded, and nothing but Troubles and Confuſion reigned all the Land over, this 
noble Science was n until ATHELSTAN, a worthy King of England, 
ſuppreſſed thoſe Tumults, and brought the Land into Peace; when. Geometry and 
Maſonry were re-eſtabliſhed, and great Numbers of Abbeys and other fntolyth 
ings were erected in this Kingdom. Epwin the Son of ArnETsTAN was 


In 
allo a great Lover of Geometry, and _ to read Lectures thereof to Maſons. — 
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alſo obtained from his Father a Charter to hold an Aﬀembly, where they would, 
within the Realm, once in every Year, and himſelf held the firſt at Tort, where 
he made Maſons ; ſo from hence it is, that Maſons to this Day have a grand 
Meeting and Feaſt, once in every Year. Thus much by way of Introduction, to 
ſhew the Uſe, and how much the Science of Geometry has been eſteemed by 
ſome of the __ Men in the World, and which with regard to the Public 
Good of my. Country, I have here explained, in the moſt plain and eaſy manner 
that I am able to do, and to which I proceed. 


LECT U RE I. Geometrical Definitions. Plate I. 


HE Principles of Geometry are Definitions, Axioms and Poſtulates. Defini- 

* fions are the Explication of ſuch Words and Terms which concern a Propo- 
fition towards rendering it intelligible and eaſy to the Underſtanding, avoiding in 
Demonſtration all Difficul-ies and Objections, Axiome are ſuch evident Truths, 
as are not to be denied, as dne and one are two, two and two are four, &c. Poſtu- 
lates are Demands, or Suppoſitions of things practicable, and the manner of doing 
them ſo eaſy, plain, and evident, that no Man of Senſe and judgment can deny, 
or conteſt them, fach as to draw a Line by the Side of a Ruler, from one given 
Point to another. 5 ö | N | 

UANTITY is conſidered in three different Manners, vis. Firſt, Length with- 
out Breadth, as an Interval or Diſtance between two Points. Secondly, Length 

with Breadth only, as a Shadow, Ec. "Thirdly, Length with Breadth and 
"Thickneſs, or Depth, as a Brick, Sc. The Bonnds or Limits of Quantity are 
Points, Lines and Superficies. | N = 

. A PoixT, in the Practice of Geometry, is the ſmalleſt Object of 
* Sight that can be made, and which is ſuppoſed to have no geo- 
; metrical Magnitude, capable of being divided to our Sight, and is 

made by the Point of a Pin, Pen, Pencil, c. as the Point A, Plate I. | 
Tus Varieties of Points, and their particular Denominations, are many; as 
Def. 2. Of a for Example, if a Point be afligned, in any certain Place, as the 
",M Nos Point 6, in the Line a d, 'tis called a . Point, from whence 
* the Line 5 c proceeds, or to which the Line c is drawn from the 
Def. 3. Of a End or Point c. Secondly, when the two Lines cut acroſs each 

Pons * other, as xc, yy, or e h, i f, the Points and g, are called Points 
. Interſection; and when ſuch a Point happens to be in the Middle 
of a ſuperficial Figure, as g, *tis called its Centre, or central 
Def. 4. Of Point. Thirdly, when two Lines meet together, and ſtop in one 
an angular Point, as Im, and m /, in the Point m, ſuch a Point is called an 


Point. angular Point, Fourthly, if two Lines touch one another, but do 
Def. 07 not cut acroſs each other, as at B, the Point of touch B, is called 
5 the Point of Conta&. 


222 of THtke are many other Kinds of Points, in the ſeveral Parts of 
: Mathematicks, which at, preſent do not concern us; as for Exam- 
ple, in Perſpedtive there are Points of Sight, Points of Diitance, viſual Points, Se. 
which will be better underſtood hereaſter, when 1 come to explain the Principles 
and Practice of that Art. h 
e 6. Of Watx Quantities are conſidered as Lengths only, they are 
, Super» called Liner; thoſe of Lengths with Breadths only, are called Su- 
es and So- perficies ; and thoſe of Lengths, Breadths, and Depths, are called 


one Solids, or Bodies. 7 1 
Aude of Tux Kinds of Lines are three, vis. a right Line, a curved Line, 
Zinc. and a mixed Line. 85 3 

a A RiGur 
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A micyr Linx, is a Length without Breadth, as the neareſt Def | 7. Of 
YO Las 


Diftance between two Points; but in Practice, tis a ſtraight Line 
- deſcribed by the Motion of à Pen, Pencil, c. drawn by the fide 
of a ſtraight Rule, wherein its viſible Breadth is not conſidered, as a d. 
A cyxven Line, is any Line that is not a right Line, and f. 8. Of 
therefore all crooked, arched, or bended Lines, are curved Lines. . 
There are many Kinds of curyed Lines, namely à circular or 5 f 0 
arched Line, as E, Fig. II. an elliptical or ovallar Line, as 4 /, or i m4, a 
pagan Line, as w y, a hyperbolical Line, as 123, a ſerpentine Line, as 
„a rampant arched Curve, as F, and an irregular curved Line, as D. There 
are alſo many other Kinds of Curves, as the Epicyclbid, Cycloid, Algebraick Curve, 
Logarithmetical Curve, Ciſſoid, Catenaria, Evolute Curve, Catacauftick and Dia- 
. cauſtick Curves, Helicoid Parabola, or Parabolick Spiral, &c. But as they have 
no relation to the Buſineſs of Builders, for whom this Work is only deſigned, I 
ſhall forbear to ſay any thing of their Generation and Uſe. | 
A CixcvLar or arched Line, is that whoſe Curvature or Bend- Def. 9. Of 
ing is the ſame in every Part, as f ce, Fig. II. - ** circular or 
An ovallar or elliptical Line, is ſo called, as being a Part of the arched Line. 
Boundary of an Oval or Ellipſis, as i þ /, and the Lines w = y, and Def. 10. o N 
1 23, are called parabolical and hyperbolical Lines, as being the an elliptical, | 
Boundaries of a Parabola, and of a Hyperbola. parabolical, 
A ScerrPEnTinE Line, as A, is ſo called, from its being like and hyperbae | 
the form of a Snake when *tis travelling along; and the Spiral cal Line. 
Line B, may be alſo called a Serpentine Line, as repreſentin a 
Snake when coiled up. The Ariinatural Line C, is ſo called Reaſons why 
from its being an artificial Repreſentation of the natural Turnings the ; 
and Windings of Brooks, Rivers, &c. The rampant Curve F, is Spiral, arti- 
called fo from its riſing higher on the one Side than on the other. natural, ram- 
And laſtly, the Curve D, is called irregular, as not having any of pant, and ir- 
its oppoſite Parts equal, The circular Lines uſed in Architecture, regular Lines 
are either ſingle or compound, as in Fig, III. The Mouldings are /o called. 
compoſed of ſingle Curves, are the Ovolo A, the Cavetto B, the | 
— ges E, the ſingle Aſtragal G, the double Aſtragal H, the Flute M, the, 
Fillet N. and the Bead I. The compound Curves are the Cima - recta. C, the Ci- 
ma Inverſa D, the Scotia F, and the Volute K. 6 5 | 
A mixeD Line, is both right and curved, as fe de b a, Fig. IV. Def. 11. Of 
being compounded of the right Lines fe, d c, ab, and of the a mixed Line, 
two curved Lines d e and bc, Lines are diſtinguiſhed into finite 
and infinite, alſo into apparent and occult. 1 
A. Finite Line, is a known Length, bounded by two known Def. 12. Of 
Points, as the Line g B, Fig. IV. and therefore all Lines of known a finite Line. 
Lengths, are finite Lines. | | % 
AN infinite Line, is that whoſe * is undetermined, or Df. 13. Has 
cannot be known, as the Diameter of the Univerſe, c. - infinite Line. 
An apparent Line, is a Line deſcribed by the Point of a Pen, Def.14.0f an 
Pencil, Wc. as gh, Fig. IV. 7075 apparent. Line. 
Ax occult Line, is drawn or deſerihed with the Point of a Pair Def. = of © 
of Compaſſes, and in Practice is always expreſſed by Points as an oc 
i L, and therefore is made generally a dotted or pricked Line. Line. 
Lines have their particular Denominations, according to their 
different Poſitions and Properties, as following. Firft, Ifa right Def. 16. 0 
Line as n, Fig. IV. ſtand on a Line, as on h o, ſo as not to inchne 4 : 
either to the right Hand or to the Left, it is then called a perpen- lar Line. 
dicular Line, and that the Line 5 o being firſt made, is called a Def. 17. Of 
given Line. Secondly, If a Line be level with equal Tnclination on @ given Line, 
12 | both 


— 


i 


i 


4 
} gp 


4h. 
| Def. 18. Of 
2 horizontal 
Line. 


Def. 31. © 
4 av, ld 


Svperficies. 
SUPERFICIE 
D. 32. Of 


a Circle. 


Def. 33.7 
.a Semicirele. 
Def. 34. 0 
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both Sides, as 48 'tis called a horizontal Line. Mirdiy, If a 
right Line be ſo ſituated, as to be neither n e r or hori- 
zontal, as the Line z x, ſuch a Line is called an oblique Line. 


And here note, that one Line may be L to another 
t 


Line, although it may aot be perpendicular to a horizontal Line : 
So K I is a perpendicular to the oblique Line F E. A Plumb 
Line is a. direct downright Line, as G H, which is always perpen- 
dicular to a horizontal Line. Fourthly, If two right Lines are at 


an equal Diſtance from each other, as r 7 and s 5, they are called 


parallel Lines, and which being infinitely continued, would never 


meet. Fiftbly, If two circular Lines are at equal Diſtances from 


each other, as t and u, they are called Concentrick Arches, as be- 


ing both defcribed onthe ſame Centers Sixthly, If two circular 


Lines have two different Centers, as the circular Lines ev x, they 
are called excentrick Arches, as ng deſcribed on different Cen- 
that bounds a Circle, Ellpfis, 


when at any Time ſuch Fi are placed upright, ſo as to 

on their Sides, and then 3 Side of ! Fi is call- 
ed its Baſe: therefore that Line on which à Figure 1 * 
baſe Line. Eigbibly, A right Line drawn through the Center of a 
Circle, as b d, Fig U. is called a Diameter; and one half of ſuch 
a Diameter, as & a, or ad, is called the Radius, or Semi-diameter. 
Ninthly, If ſquare Figures, as A or C, Fig. V. have right Lines 
drawn through their Centers, and are parallel to their Sides or 
Ends, as & I in A, and mm in C, they are alſo called the Diame- 
ters of thoſe Figures : But all right Lis drawn from one oppo- 


ſite Angle to the other, 8 o 6 in A, and an in C, are called diago- 


nal Lines. The like is alſo to be obſerved in regular Figures, con- 
lifting of more Sides than four, as B, where pp is the Diameter, 


and 2 9 the Diagonal. In all Figures that are not ſquare, as C, 
the longeſt Diameter, as / 4 is called the tranſverſe, and the ſhort- 
eſt, as m n, the conjugate Diameter; and which is alſo to be ob- 
ſerved in the Di ers of an Oval, and of an Ellipſis, as in D. 
Every right Line drawn through any Part of a Circle, as /, Fig. 
V. is called a Subtenſe, Ordinate, or chord Line; as alſo is a 
Line which joins the two Extremes of an Arch, as x x; and if 


a right Line be drawn ſo as to touch a Figure, without cutting inta. 


it, be the Point of Contact either at a Side, or at an Angle, à8. 5 i, 
in g, and 2, *tis called a tangent Line. CY 7 

Tus ſecond Kind of Quantity, namely Superficies, is a Surface 
of whatever has Length and Breadth, without Depth or Thick- 
nels, (as by Def. 6.) and is of three Kinds, vis. Firſt, Exactly flat, 
as the Surkace of a Table. Secondly, Convex, as the Outfide 
of a Ball. Tlurdly, Concave, as the Inſide of a Bowl. 4 
s are bounded by one or more Lines, and from thence it 1s, that 
they receive their various Names, by which they are known; as, 
ürſt. if a Superficies be bounded by one curved Line that is regular 
in all its Parts as A, Lig. VI. tis called a Circle. 

Evesy half Part of a Circle as D, is called a Semi-circle which 


is bounded by the Diameter and one half of the Circumference of 
a whole Circle. A cer as H, is a Figure bounded by two 
led the Sides) and one quarter Part of the Cir- 


Is 


Semi-diameters, (cal 
cumference, called the Limb. 


ad oo aww > oo . oa a. Gt 


Ir a Circle be cut into two unequal Parts by a right Line, as a B, | 
Fig VI. each part is called a . or eee and which arg Fay 1 35. Of 
diſtinguiſhed the one from the other, by greater and leſſer ; ſo . "4 
ach is the leſſer Segment, and ad 6 the greater; and A GE 
Ir two Lines as þ 4, hi, in C, are drawn from the Center of any Def 6. 
Circle unto its Circumference, and thereby divide the Whole into 3 Y 
two unequal Parts, the Part leſs than a Semicircle, as & i &, is called 1 IG 
a Sector, and the remaining Part, H 4 Ii, is called the Complement of the Sector, 
and by ſome the great Sector. ; | 3 
Now ſince, by this Definition, a Sector is a Part of a Circle which is leſs than a 
- Semicircle, therefore a Quadrant is a Sector alſo, as being but half a Semicircle. 
Tus Parts of an Oval, or Ellipſis, are es in the ſame Manner as 

the Parts of a Circle. So the Figures B and C, Fig. VII. are both The Parts 
Semi-Ellipſes, equal to each other; that of B being on the tranſ- 8 
verſe, and that - of C, on the conjugate Diameter. And as every F4 * l 
right Line drawn through the Center of a Cizcle, doth divide the , 5 
Superficies thereof into two equal Parts, ſo likewiſe every right fame Do- 
Line drawn through the Center of an Ellipſis, does the ſame. Soc e, , * P, wa _ 
divides the Ellipſis c m en in two equal Parts, as alſo doth either of "Circk > 4 
the Lines m u, ora i, The Segments of an Ellipſis are either re- ** 
gular as d ch, and In i, or rampant as a & m i; and the Linesdd, Def. 37. Of 
or I i, are called Ordinates, that of I i being an Ordinate on the the Ordinates 
tranſverſe Diameter, and that of þ d on the conjugate Diameter. of an Elligſit. 
The Sector of an Ellipſis or of an Oval, as in A, Fig. VII. is the Sed Pp 
ſame as in the Circle, as likewiſe is the Complement thereof. Elkpfir of 

' Now from hence you ſee, that Circles, Ovals and Ellipſes, are No 
the only regular Superficies that are bounded þy one Line, and that all re 
Superficies bounded by two Lines only, are no other than their Segments, either 
ſingle, as the Segment a cb, in B, Fig. VI. or compound, as a b c and a de, in H, 
Fig. VII. which laſt is no more than two Segments, applied together, (the Line 
2c being common to both) and is called an Ox Eye. : 
 TariancLEs have their different Denominations, as being of dif- | 

ferent Forms, vin. (1) If a Triangle have all its Sides equal as 5% . 0 
G, Fig. VI. 'tis called an equilateral Triangle. (2) If two Sides * f. 3 FF 44 
are equal, and the third unequal, as E, *tis called an Iſoſceles Tri- „/ = } 
angle. (3) If all the Sides are unequal as F, tis called a Scalene _ , rm 


Triangle. Triangles are alſo diſtinguiſhed by the Quantity of 
their * but this I ſhall defer, until I have 2 in 3 


the Nature and Kinds of Angles. © | 
Ar Triangles, whoſe Sides are Arches of Circles, are called D 
ſpherical Triangles, as NP Q, Fig. VII. And when Triangles are 9-39: Of 
compoſed both of right Lines] and circular Lines, as O R 8, and © 
V, t ey are called mixt Triangles, with one or two convex or con- D ; 
cave Bides; as for Example. (1) The Triangle O, hath two Sides „f 49: & 
that are right Lines, and the third that is a concave Arch. (2) The | 
Trian les R and 8, have each but one Side that is a right Line, and 
the others are Arches of Circles, of which, thoſe of the Triangle R are convex, as 
ing ſwelling outward, and thoſe of 8, are concave, as being hollow outward. 
(3) The Triangle V, hath alſo but one Side that is a right Line, but the other 
two which are circular are one convex, and the other concave. _ 
Every Triangle contained under three equal Sides, be they 
right-lined, 2 or mixt, is called an equilateral. Triangle, Def. 41. Of 
and fo the like of Iſoſceles and ſcalenous Triangles ; and to dif- plain Tri- 
tinguiſh right-lined Triangles from ſpherical and mixt Triangles, - angles. | 
they are in general called plain Triangles. $40 3 


ff * 


DUPERFICLEY 


66 Of GEOMETRY. 
. '  Svyereicres bounded by four right Lines are the geometrical 
5 e ded Square F; 8. VII. 2 G, the 8 I, the 
—_—_ Rhomboides K, the Trapezoid L, and the Trapezium M. ' 

Def. 42. Tur Grouzraicar Sqvart F, is fo * * becauſe all its 
'« geometrical Sides are equal and ſquare to each other, and the Parallelogram 
Square and receives its Name from its oppoſite Sides and Ends being parallel 

' Parallelo- to each other. The 2 is alſo called a long Sguare or 
gram. Oblong, with regard to its being longer than wide. 
| THe Ruonuzus I, is nothing more than a geometrical Square 

Def. 43. Of puſhed out of its natural ſquare Form into any other : for ſuppoſing 
& Rhombus the Angles 4 a e fof the geometrical Square dae f, in the 2 — 

an, Rhom- I, have each a moveable * at the ſeveral Angles; if the Angle 
baides. d be ptiſhed to c, the Angle à will be moved to 5 and the Side de 


will be removed to ce, the Side a / to b ½ and the Side da to cb. 
The ſame is alſo to be underſtood of the Rhomboid, which is nothing more than 
a ſquare Parallelogram, whoſe Ends are puſhed out of their ſquare Poſitions into 


oblique Poſitions. 
Def: 44. o A TrartzorD is a Figure containing four Sides, of which two 
# Trapezoid. are parallel, and the other two are not, as Figure L. 
72 45. Of © TrxArEz1UM is a Figure containing four unequal Sides, of 
# Trapezium. which no two of them are parallel. 
| Bai 46. Of RrecvuLar Superficies bounded by five or more Sides are called 
Polygons. Polygons, or x ater or Multilaterals (that is, many Sides) as 


5, 6, 7, 8, 9, 10, 11, 12, &c. and which take their Names from 
the Number of their Sides, a | 
Fivg - Pentagon 

Six Hexagon 
„„ States is Septagon or Heptagon fo ex- 
Plain Figure Nie ( called a) Nonsgon kibited in 
conſiſting of Ten regular Decagon Plate II. 
Eleven Undecagon | 
Twelve Duodecagon | ? 
.Def. 47. Of Ficvrts which have the ſame 2 of Sides and are unequal, 


an irregular are called irregular plain Figures, conſiſting of 5, 6, 7, 8, c. Sides, 
plain Figure. as the — 4 * — the — in Plate II. 

Def. 48. Of Ar Figures bounded with right Lines and curved or mixt 
an irregular Lines are called mixtilineal Figures; which are either irregular or 
compound regular ; that is to ſay, if an irreguiar Figure have ſome of its 
Figure. Sides curved, and ſome that are rigat Lines unequal, it is called 

Def. 49. Of a compound irregular mixtilineal Figure ; but when a Figure is 
compoſed of equal right-lined Sides and of equal arched Sides, they 
compound are called compound regular Figures. | 
Figure. Wren Figures have Voids or Imperfections in their Superficies, 

Def. 50. Of they are called imperfe& Figures, ſuch as A B, Plate II. wherein 
Imperfe# Fi- the dark or ſhaded Parts repreſent the Superficies, and the light 
gures, Con- Parts the Deficiencies, Voids, or Imperfections thereof, and which 
eentrick and are differently diſtinguiſhed, as thoſe of Aand B; having their Voids, ' 
Excentrick, or defective Parts, bounded by Lines deſcribed on the ſame Cen- 

ters, are called concentrick Figures or Superficies; and that of the 
Lunula, whoſe Void is bounded with Circles deſcribed upon different Centers, is 
called an excentrick Figure or Superficies ; vide Definitions XXI. and XXII. 
The imperfe& Figures B and the Square on the Left of the Lunula are alſo to be 
conſidered in the ſame Manner, as A and the Lunula, notwithſtanding that their 
Voids are bounded with parallel, right Lines. For as the Center of the Void in 
B, is the ſame as that of the Superficies which bounds it, the whole is therefore 
a coucentrick Figure, for the ſame Reaſou as is Figure A. And ſo in like man- 
: ner, 
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ner, as the Center of the Voids, in the Square, is not in the ſame Points as the 


Centers of the ſhaded Superſicies; that is alſo an excentrick Figure, as the 


Lunulaa. 

To theſe imperfeck Figures I muſt add Fig. C, which is a Parallelogram di- 
_ into four Parallelograms, that meet all together on the Diagonal Line in 
the Point n. e 


Now if any three of thoſe four Parallelograms, as = d, n b, and 5 EP 1. Of. 


n a, be taken together, and confidered as one Figure, 'tis called a 


if the four Parallelograms are confidered ſeparately, 


Gnomon; but i G 


then the Parallelograms = 4, and n c, are called Parallelograms deſcribed about 


the Diagonal þ c, and the other two Parallelograms a u, and d, are the two 


Supplements thereof, and which are always equal to one another, as will be here- 


after demonſtrated. | 
As ſuperficial Figures are bounded by one or more Lines, ſo So Def. 52. Of 
lids or Bodies are bounded by one or more Superficies; as for the Bounds of 
Example, a Brick is a Solid, bounded with fix Surfaces, that are Solids or 
all Parallelograms, viz. the upper and the under, the two Sides, Bodies. 
and both Ends, | 
Tur Number of entire Solids are principally twenty, viz. a The Number 
* a Spheroid, a Cylinder, a Cone, a Gonvid, a 95 
Tetrahedron, a Pyramid, a Pyramis, a Pyramidoid, a Conedoid, a Solids. 
Cylindroid, a Priſm, a Hexahedron or Cube, a Parallelopipedon, | I. 
an Octahedron, a Dodecahedron, an Icoſahedron, the twelve and the thirty 
Rhombuſes. by 199 . 5 
A entire geometrical Solid is a Body from which no Part has Def. 53. Of 
been taken, and therefore the Remains of a Body, when a Part an entire 
thereof is taken away, is called a Fruſtum, as the Fruſtum of a Solid. 
Sphere, or of a Cone, c. Def. 54: Of. 
A SprrxE is a round Body, bounded by one convex Superficies, the Fruſtum 
. whoſe Parts are all at the ſame Diſtance — the central Point of of a Sphere. 


the Solid; and is commonly called a Ball, as R, Plate II. Def. 55. Of 


A SpHEROI1D is a round ſolid Body, bounded by one convex Su- a Sphere. 
perficies alſo, but its Curvature is not the ſame in every Part over Def. 56. Of 
its Center, as the Curvature of the Sphere; becauſe its Length is a Spheroid. 
greater than its greateſt Thickneſs, and therefore it is what may be | 
prop 4 called an ovallar Solid, if we conſider the Sphere as a circular Solid ; 

as 8, Plate II. = ts 8 

A CrLinDtR is a long and round Body of equal "Thickneſs, Def. 57. Of 
as a Garden rolling Stone, or the lowermoſt third Part of the a Cylinder. 

Shaft of a Column, as X, Plate II. and is bounded by three Super-  _ 
ficies, of which one is convex, and two are plane or flat, and whoſe Figures de- 

nd upon the manner of the Cylinder being cut at each End; that is to ſay, (1) 
If the Ends of the Cylinder be both cut ſquare to its Length, as X, then the Su- 
-perficies of the two Ends are both Circles (which are equal to each other, becauſe 
the Cylinder is of equal Thickneſs) and the convex Superficies is no more than a 

Parallelogram whoſe Length is equal to the Length of the Cylinder, and Breadth 
to its Circumference, being bended about the ſame. (2) If a Cylinder as D (on 
the right-hand Side of the Plate) have its Ends cut obliquely and of. 58. Of 


pindle, a and Names of 


. 


arallel to each other, the ſuperficial — of each End will be an A 
Ellipſis, and the convex Superficies will be a double Rhomboides. Kinds of Su- 


(3) If a Cylinder, as E, have its Ends cut obliquely, and not paral- ferficies that 


lel to each other, they will be both Ellipſes, but unequal, (as 
not being parallel, which cauſes the — Diameter to be 3 1 be of 


longer in the one than in the other) and the convex Superficies 
will k be an irregular Hexagon ; a Demonſtration of which you will _ Cylin- 


ſee in the Menſuration of Solids and their Superficies. 
| ; | | | | A Cons 


\ 
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A Cons is a round Solid, which riſes either from a Circle or 


Df 59 ＋ an Ellipſis, with a gradual and equal Diminution until it termi- 


nates or ends in a Point, as Fig. T, on the left Side of Plate II. 
and therefore is bounded by two Superficies, of which that of the Outſide is 
convex, and that of its End or Bottom is a circular or elliptical Plane. In every 

Def. 60. Of Cone there is an imaginary Line ſuppoſed to be drawn from its 
117 Hogs Top or vertical Point, unto the centrical Point of-its Baſe, which is 
4 4 of called the Axis of the Cone, and which is ſo called becauſe it paſſes 
— directly through the Middle of the Solid, and on which the Body 
* may be made to revolve or turn about, as that every · oppoſite Part 
is 1 therefrom. The ſame is alſo to be underſtood of a b, the Axis of 
the Sphere R, alſo of ec, in the Spheroid S, and of all other re 
when a Cone hath its Bottom cut ſquare to its Axis, as T, tis called a re 7 
Cone, and its Bottom, which is called its Baſe, will be a Circle. But if its Bot- 
tom be cut obliquely to its Axis, as G, on the right-hand Side of the Plate, it 
is then called an wy ue Cone, 3 Baſe will be an Ellipſis. . A 
| ONO1D is a Solid, diminiſhing in its upper s nearly t 
2 1 o ſame as a Cone, and takes its Riſe | Jaws a Onrele alſo; but — the 
4 Cod. Side of a Cone is ſtraight from its Baſe to its Vertexz this of a Co- 
noid is either the Semi- curve of a Parabola or of a Hyperbola, or the Segment of 
a Circle, or an Ellipſis; and therefore terminates at its Vertex either in a Point, 
as the Cone doth when the outward Curve js of a Circle or an Ellipfis, as B L, or 
with a curved Top, like unto a Sugar-Loaf, as A, when a Semi-parabola, or 


' Semi-hyperbola. : 
Def. 62. 0 A SpinDLE is a Solid, thus to be conceived ; ſuppoſe a g in B, 
« Parabalics do. be the Diameter of a Circle, on which a Semi«ſpindle is to be 
et Lobo raiſed, whoſe Axis is d; alſo ſuppoſe the Curve ad to be the Semi- 
Fl Spin a. curve of a Parabola ; now if from every Part of the Circumfe- 
Fnene“ rence of a Circle, of whicha g is the Diameter, a Solid be raifed 
_ a Curvature equal — hs gre a d, m Solid will be . 2 
e, and therefore two ſuch, being equal and applied together, as B, will form 
that Solid which is called a Spinde. And as the 2 Curve may be either a 
„ r or a Parabola, therefore a Spindle my be Hyperbolical or Parabolical. 
a 


A TETRAHEDRON is a triangular Solid, which riſes from an 


63. 

- cc ale f equilateral triangular Baſe, with a gradual..and equal Diminu- 
dron, tion, until it terminates in a Point, as a Cone doth, which Point 
is alſo called its Vertex. This Solid is terminated by four equilateral Triangles, 
as B F, on m9” = Side any" _ 8 8 25 80 | 

4 A Pyramid is a Solid, which riſes a geometri 
Oy f with a ual Diminution, (as the 2 — from an 3 
Aan men — and terminates in a vertical Point alſo. This 
Solid hath its Height at Pleature, and is bounded by four Equilaterals or Iſoſceles 
Triangles on its Sides, and a geometrical Square at its Baſe, as Tig. V. | 
Def. 6s. 0 A Praauis is the ſame Solid as a Pyramid, only with this Dif- 

72 5. ference, that whereas a Pyramid ſtands on a geometrical Square, 
4 and has but four Sides, which are all equilateral, or Iſoſceles Tri- 
angles, a Pyramis has ſome regular Polygon, as a Pentagon, Hexagon, c. for 
its Baſe, with five, fix, c. Sides which are all Triangles, as in a Pyramid, 
and meet in a — Point alſo. 133 e 

a YRAMIDOID is a pyramental Solid, whole Bottom is a tri- 

_— 66. Of angule geometrical Square, or ſome regular Polygon, and Sides 

nt ans | — the Curve of à Circle, Ellipſis, Parabola or Hyperbola, as 
g. IV. - 

Def. 67. Of ., A CyLixDRoND is a Solid, fomething like B I, the Fruſtum of 

Cu bed. ® Cone, but with this Difference, that as the Fruſtum of a Cone is 
3 terminated at its Ends either with two Circles, if cut ſquare to its 
Axis, or with two Ellipſes, if cut oblique, or with a Circle and an Ellipſis, if 


. 


£ 


Solids. Now 


ORC 
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dne End be cut ſquare, and the other oblique, the Ends of the Cylindroid are 
both cut ſquare to its Axis; but the one is an Ellipſis, and the other a Circle, 
as Eig. C at the Top on the right Hand. +2291 * 
Tur next Kind o Solids in order, are Prim. tir | 
A-Pzism is a ſolid Body, of equal Thickneſs as a' Cylinder; 
but as a ene is round, and its Length is thereby bounded by 
one Superficies only; ſo a Priſm is bounded by three, five, fix, or Kinds 
more arallelograms, and its Ends are either Triangles, geome- Pr of 
trical Squares, Trapeziums, or ſome Kind of Polygon, as a Pen- * 
tagon, Hexagon, c. So B C is a triangular Priſm, bounded by two Triangles 
at its Ends, and three Parallelograms on its Sides. B A is a Trapezium Priſm, 
bounded by two 'Trapeziums at its Ends, and four Parallelograms on its Sides, 
B E is apentangular Priſm, bounded by two Pentagons at its Ends, and five Pa- 
rallelograms on its Sides. And laſtly, B D is a hexangular Prifm, bounded by 
two Hexagons at its Ends, and fix Parallelograms on its Fides | 
Ir is alſo to be noted, that if the aforeſaid Priſms have their Ends cut oblique 
to their Sides, then their Sides will be either Trapezoids or Rhomboids, and their 


” 


Def. 68. of 


the various 


Ends will be changed into different Kinds of Triangles, Parallelograms, and un- 


_equal-fided Polygons. a 
lexahedron, is an exact ſquare regular Solid (as a 


ken away, the Part B. G remaining, is the Fruſtum of a Sphere; 
and if from the Spheroid B N, the Part A be taken away, the 
Part N B is the Fruſtum of a Spheroid : and ſo the ſame of B I, 
and B K, which are the Fruſtums of a Cone, and of a id, 


when the top Parts D and A are taken from them. Fruſtums of ed. 


A Cung or Def. 69. Of 
Dice), and is bounded by fix equal geometrical Squares, as Fig. V. a Hexahedron 
A PakrAtLELOPIPEDON, is alfo called a long Cube, and by or Cube. 
ſome a Priſm z but as its Ends, as well as its Sides, are bounded Def, 70. Of 
by Parallclograms, which are never more nor leſs than ſix in Num- à Parallelo- 
ber, as Fig. Z, it is therefore, with reſpect to its Surfaces being all pipedun. 
Parallelograms, properly a Parallelopipedon. 3 | 
Ax OcTaneDRoON, is a regular Solid, bounded by eight equi- D. 7x. Of 
lateral Triangles, and is compoſed of two equal Pyramids, having an Oddabe- 
| their Bottoms applied together, fo as to make but one Solid in gon. | 
the whole, as Fig. P, Plate II. | „ 8 
A DovecantvroN, is a regular Solid, bounded by twelve a Dodacabe- 
Pentagons, as Fig. O, Plate Il. © RT, Tr, 
Ax Ico&antDRON, is a regular Solid alſo, and is bounded by Def. 73.0 
twenty equilateral "Triangles, as Fig. Q, Flate IT.—The twelve an 2 
Rhombs, and the thirty Rhombs, are Solids, bounded by as many dron. . 
Rhombuſes; but though they have a Uniformity in themſelves, yet The 12 and . 
they are not regular Solids. | | 30 Rhombs. 
as regular Bodies are the Tetrahedron, the Hexahedron or bat Solids 
Cube, the Octahedron, the Dodecahedron, and the Icoſahedron, are ſtrifly 
which being the only Bodies that can be inſcribed within a Sphere, regular B. 
are therefore called regular Bodies. 5 | dier. : 
A Bovr is ſaid to be inſcribed, when, being incloſed within ano- The Reaſon. 
ther Body, every of its ſolid Angles terminates at the Superficies Def. 74. Of 
thereof; and that Body which contains the inſcribed Body is called inſcribed and 
the circumſcribing Body. | | | circumſcribed 
A 80L1D Angle, is the meeting together of three or more right= Figures and 
lined Superficies. | | 6/7 Bodies, 
A Fxvsrum, as in Def. 54, is the Remains of a Body, when a 577 75.0 
Part is taken away; ſo if from the Sphere B G, the Part A be ta- id Angle. 


a 

+ coy of a 
Sphere, Sphe- 
roid, Cone, 
Sc. explain» 
ed. 


Bodies are cut ref and that not only at their upper, but alſo, at their under 


Parts, as HI K LM, and are then called oblique Fruſtums. 


When a Part 


is taken from the Bottom of a 1 Wy or of a Cone, as the Parts a — — 


"EE 
Def. 16. Of 


„ 


amid, c. 


bounded by ei 


78 ſquare Face o 


cies or Faces, of which eight will be 


4 


M GBOME TRT. 
Fand G, then the reniainipg end Parts being e 


der Bodies with oblique Baſes ; but if the con 

the Parts u apd &, then they are no more than the greater Seg- 
ments, and the Parts a and & are the leſſer Segments, which to- 
gether do but complete the two Solids ; and when the upper Parts 


are conſidered as entire oblique Bodies, and the Parts a and x are 
= Parts a and x are called ents 


of Fruſtums, whoſe Axis is equal to their perpendicular Height. 


conſidered by themſelves, t 


Ir all the folid Angles of a Cube be ſo taken away, as to make 
4 the Cube an Octagon, then the Remains 
will be the Fruſtum of a Cube, de den under fourteen Superfi- 


will be Octagons. If the ſolid Angles of a Tetrahedron be ſo ta- 
ken off, as to make each of its 8 triangular Faces a 
Hexagon, the Remains will be the Fruſtum of a Tetrahedron, 


ht Superficies ; of which four will be equilateral Triangles, and 


four will be Hexagons. | 3 | 8 
I mention theſe Fruſtums, only to give a Hint, that by this Method of cutting 


off the ſolid A 
Bodies produc 


- TheShaſt o 

a 75-196. 4 

2D 
ru 

5 mo. - 

ef. 78. 
the 2 A 
a Solid. 


ngles of Bodies, there may be a very great Variety of uncommon 


THz Body or Shaft of a Column, is compoſed of two Kinds of 
Solids, that is to ſay, the lower one third Part of its whole Height, 
a to 8. B, is a Cylinder, and R, the Remainder, is the Fruſtum, 
of a Conoid. x | 5 
A Secriow of a Solid, is a ſuperficial Figure, produced by 
cutting off a Solid, directly through, in any Part; ſo if from a 
Sphere a Segment was to be cut, the flat Surface, or Superficies 
8 Cut, which is a Circle, is called its Section. And in like 
Manner, if any Cone be cut quite 3 its Axis, from the Top 


to its Bottom, the flat Superficies of that Section will be a Triangle. 


Def. 79. Of 
= Baſe of a 


ine. 
Def. 80. Of 
the Baſe of a 


Circle an 


Ellipfe. 


Tur Baſe of an upright Line, is a Point. 

Tux Baſe of a Circle is a Point alſo, as the Point g, of the Cir- 
cle E, (Fig. V. Plate I.) ſtanding on the tangent Line þ i, which 
by its Curvature can touch the Line i, but in the Point g; for 
as every Point in the Cirele's. Circumference is at the ſame Di- 
ſtance from the Center, and as the very next Point to g, in the 
Line 7, is at a greater Diſtance from the Center a than the 
Point g, therefore the Circle cannot touch the tangent Line in two 


Points, and conſequently the Baſe of the Circle is the Point g. | 
Tus fame is to be underſtood of the Baſe of an Ellipſis. Right-lined Figures 
may have a Point for their Baſe alſo, by being ſet on angular Points, as the Hex- 
agon B, Plate I, which reſts on its Angle 2, on the tangent Line b 7. 
As Points and Lines are the Baſes of Lines and Superficies; ſo Points, Lines, 
and Superticies, are the Baſes of Solids; as for Example: Firſt, The Baſe of a 
| uy is a Point, for the fame Reaſon, as it is the Baſe of a Circle; the ſame is 
o to be underſtood of the Baſe of a Spheroid. Secondly, If we conceive the 
curved Superficies of a Cylinder to be an infinite Number of Circles, like Hoops 


ſet cloſe together, tis very eaſy to conceive, that the Baſe of a Cylinder lying 


down, is a right Line, becauſe ny Circle can touch the Plane it lies on, but 


in one Point only; and therefore 


thoſe Points in the ſeveral Circles of the 


8 Length, will form a right Line. The ſame is alſo to be underſtood 
of a Cone laid on its Side. Thirdly, If a Cylinder be ſet. upright, then the 
End it ſtands on is its Baſe ; as, indeed, is every Surface. on which any Bod: 

ſtands. Fourthly, The Baſe of a Cone, Conoid, Pyramid, Pyramis, Pyramidoid, 
e. is that Tos which is oppoſite to the Vertex, and on which they com- 


monly ſtand ; 


ut in their Fruſtums, the Superficies,of both Ends are called Ba- 


ſes, as the leſſer Baſe and the greater Baſe: But though Cuſtom has thus diſtin- 
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1 — mall End from the greater, I muſt own, I think it A. 
ſame Time, and therefore cannot be conſidered as two Baſes, but as, two Ends, as 

7 really are, and which may be diſtinguiſhed by the Names of Greater and 
er, by only 83 of the Word End, inſtead of the Ward Baſe,; for, ſtrictly 
ſpeaking, except the Fruſtum of a Cone ſtands on one of its Ends, neither of the 
Ends is a Baſe ; for when a Fruſtum is laid on its Side, its Baſe is a right Line, 


ner of Diſtinction, becauſe one Body cannot ſtand on two eppo 


th 
Le 
f 


contained between the two loweſt Points of the Superſicies of its Ends. 


* 


woo an IE 


| On the Formation, Names, Kinds, and Menſuration of Angles, 0 
"THE Angles I am now going to explain, are Angles on Superficies, or rather 


ſuperficial Angles. 


A SurErFicial, Angle is a Space contained between two Lines, 
of which one mult be oblique, and which meet each other in the 


ſame Point; as for Example, Fig. I. Plate II. If the oblique Line 
d e, be continued forward, ſo as to meet the Line g i in the Point 
J; the Space that is contained between them is called an Angle. 
THEE are three Kinds of ſuperficial Angles, that is to ſay; (1) 
Right-lined, as o n p, Fig. II. Plate II. (2) Curvilineal, as x y z, and 
12 3, of which xy z is a convex Angle, and 1 2 3 is a concave 
Angle. (3) Compound, or mixtilineal, as 9 r, or t u v. 
Rionr- lined Angles have three Denominations, which they re- 
ceive according as their Openings are greater or leſſer, ' Right, A- 
cute, and Obtuſo. | . 
A Ricur Angle is that when two right Lines meet, and are 
ſquare to each other, as h & and m l, Fig. II. Plate II. or when a 
perpendicular Line ſtands on a given Eine, as ht on m/; then 
1 Angles on each Side of the e hþ &, are both right 
ngles, . 58 NY . 
An Acute Angle is an Arigle whoſe Opening is leſs than a 
Right Angle, as the Angle made by the Lines i & and & /, or by the 
Lines i I and 5 K. . | 
Ax Obtuſe Angle is an Angle whoſe Opening is greater than 
a Right Angle, as the Angle made by the Lines i , and 11. 
Ax Angle is meaſured by the Arch of a' Circle deſcribed on 
its angular Point; and therefore the Meaſure of an Angle, is the 
uantity of that Arch which is contained between its Sides. The 


uantity of an Arch, is the Number of Degrees that are con- 


tained therein. SL | 

A Droxxr is the 360th Part of the Circumference of any Cir- 
cle, as appears by the following Example. Suppoſe the Circle c, 
00, b d, Fre. I. Plate II. be divided into four 822 by the 
two Diameters, c ù, and go d, and that the Lim 


Def. 82. 0 
the ow 7 


8 Angles. 


- Def. 83. Of 
the 4 77 


Angles. 


Def. 84. 


a right An- 


gle. 4 


Def. 85. Of 


an Acute 
Angle. 

Def. 86. Of 
an obtuſe © 
Angle. 

Def. 87. Of 


the Meaſure 


of an Angle 


De - 88. Of 


a og ee. 


of each Quadrant be divided 


into go equal Parts ; then the whole Circumference of the Circle will be divided 


into 360 equal Parts, which are called Degrees, and conſequently any one of. 


them, which is the 360th Part of the whole, is a Degree. 

And from hence tis very plain, that the Limb of a Quadrant 
contains 90 Degrees; that the Limb vf a Semi-circle contains 180 
Degrees; that a right Angle contains 90 Degrees; that an acute 
Angle contains leſs than 90 Degrees; and that an obtuſe Angle 
contains more than go Degrees. ; | 

Ix every Circle there are, 360 Degrees; for if from the Center 
A, Pon draw right Lines through every Degree, in the Circle c 9o, 
6 d, unto the Circle 5 g i, they will divide the Ciroumference of 
that Circle int the ſame Number of 7 as the Circle c 90, 

; a 2 | 


A 
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b d; and in like Manner, the ſame Lines will divide the ſmall Circle m / 2 n, for 
the Arches g 4, p b, and o F, do each contain the ſame Number of Degrees. 

| How to find the Quantity or Meaſure of an Angle. 


Line e Bxyoxt the Quantity of an Angle can be found, a Scale of 
Chords, how Chords maſt be made, as following, viz. Firſt, Draw a right 
made. Line at pleaſure, as c b, Fig, III. Plate II. and affign a Point 


therein, as d, whereon with any Radius, or Opening of your 
Compaſſes, deſcribe a Semi-circle, as c a b. Secondly, with any Opening of your 


- Compaſſes, greater than dc, on the Points c and 5, deſcribe the Arches, as 


e e, and / Ph and from d, through the Point of Interſection h, draw the Line d a. 
et 


Thirdly, ſet the Radius 4e, from c to 60, alſo from à to 30, on the Arch c a, 


| which will then be divided into three equal Parts, at the Points 30 and 60. 


Fourthly, divide each third Part of the Arch à c, into three equal Parts, and then 
the whole Arch à c, will be divided into 9 Parts, Fifthly, divide each Part into 
Halves, and each Half into five equal Parts, and then the whole Arch à c, will be 
divided into go Degrees. | ; „ 
Tuis being done, ſet one Foot of your Compaſſes on the Point e, and the 
other being opened to 10 Degrees, turn down that Opening, on the Line 6 5, 
from 10 to 10. In the ſame Manner, on the Point c, take the Diſtances c 20, 


| 30, © 40, e 50, c 60, c 70, c 80, and c 90, on the Arch @ c, and turn them 


down to the Line c 6, as before, aand thus you will have transferred every tenth 
Degree from the Limb c a, unto the right Line c 6, In the ſime Manner transfer 
every intermediate Degree, and then will the Scale, or Line of Chords, be com- 
pleted and made = for Uſe. X Pe 3 g F bis 
: o find the Quantity of an Angle, you muſt proceed as fol- 
N lows. Let d „g. II. Plate II. be an Angle x nag to find its 
uantity. NPY 
an. 3 60 Degrees in your Compaſſes, from the Scale of Chords, 


and on the angular Point a deſcribe an Arch, as ec; take the Extent of the Arch 
e in your Compaſſes, and apply one Foot to your Line of Chords, at the Be- 
ginning c, and the other Foot will fall on the N 


umber of Degrees that is con- 
tained in the Angle. | 8 „ 
THz Reaſon why you muſt take exactly 60 Degrees in your 

Def. 89, Of Compaſſes for to deferibe the Arch ec, is becauſe that the Radius, 


Degrees m or Semi-Diameter of every Circle, is equal to the Chord Line of -” 


the Radius of 60 Degrees of its Circumterence. And note, that if, in the mea- 
every Circle, ſuring of Angles, it ſhould happen that the Sides of an Angle 

ſnould be ſhorter than 60 Degrees, the Radius of your Line of 
Chords, you muſt, in ſuch a Caſe, continue out the Sides of the Angle unto a 


ſufficient Length. 5 
To lay down an Angle equal to any Number of Degrees given 
To lay down 18 a very eaſy Work, and very little different from the laſt ; a 


any given for Example, ſuppoſe it is required to lay down an Angle equal 
Angle. to 30 Degrees: Firſt, draw a right Line, as 3 a, Fig. II. Plate 


II. Secondly, take 60 Degrees in your Compaſſes, from your Line of Chords, 
and on a, the End of the Line, deſcribe an Arch at ꝓleaſure, as e 6, Thirdly, 

take 30 Degrees, the Angle given, from your Line of Chords, and ſet them on 
the Arch, from e to c. ſtly, from a, through the Point c, draw the Line 

a d; ons will the Lines d a and a % make an Angle equal to. 30 Degrees, as 

requi . | . REI? bo EN 

As Quantities of Angles are ſometimes whole Degrees, and 
3 3 Degrees and Parts. of N it 18 Ss as be ob- 
ſerved, that every Degree is ſuppoled to be ſubdivided into ſixty 


3 + equal F which are called Minutes, and therefore * a De- 
is 15 Minutes, 4 a Degree is 30 Minutes, 2 of a Degree is inutes, 
* Minutes, is 1s 5 Minutes, Oc. < a TY WY . p | y 


9 


% 
— 
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Degrees, forty Minutes, and twenty-five Seconds, is thus written, Minutet, how” 
10%, 40, 25", and 40 Degrees, 15 Minutes, thus, 40 15". _ eoritten. © 


Axorxs are expreſſed by three Letters, of which 'tis to be 


— 


| plement of the Arch i n, to 360 Degrees. 


internal Angle is an in 


liver the whole by Way of Prob 


remembered, that the middle Letter always denotes the 4 How an 

Point.—As for Example, to write or expreſs the Angle made by Angle is © 
the Lines dab a, "Fre. II. Plate II. I write, thus, the Angle written and 
dah, or had; in both which Caſes you fee that a, which ſtands denoted. | 


at the angular Point, is kept in the Middle, and fo the like of all other Angles. _ 
Taz Complement of an Angle is to be conſidered in two 5 * 
different Manners, that is to ſay, when it is to a Quadrant, and 2 os o 
when to a Semi-circle. But be it which it will, the Complement —— e 
of an Arch, or of an Angle, is ſo many Degrees as will make hos ES 
the given Angle, or given Arch, equal to 9o, or to 180 Degrees. * . | 
So 70 Degrees is the Complement of an Angle of 20 Degrees, to 185 | 
a Nuk and 160 Degrees is the Complement to a Semi- cirele. : 
Axorxs are external, internal, and oppoſite. An external ef. 92. Of 
Angle of a Figure is an outward Angle, as the Angle for g, in © -* 7 
Fig. O, Plate IV. * * Point points outward; and an 2 * 
Angle that points inward, as the % 
Angle , in Fig. P, Plate IV; but an external Angle, ſingly con- Se. 
fidered, without Reſpect being had to a Figure, is the Complement of an (internal) 
Angle to a Circle, or 360 Degrees. So the Angle a x m, Fig. M, Plate VII. is 
an internal Angle, whoſe Meaſure is the Arch i m, and the external Angle is all 
the Space that is without the Lines a x and x m, and whoſe Meaſure is the Arch 
i] m, which with the Arch im, is a complete Circle, and therefore is the Com- 


OprosirE Angles are ſuch that are againſt, or oppoſite to, one 1 
another; as for Vauniple, if two right Lined TE and 6 e, Def. 9 of 
Fig. G, Plate VII. croſs each other, the oppoſite Angles which 27 25 E An- « 
they make are 5 dc, and a de; that is, the Angle bd c is oppo- RE > fa 
fite to the Angle a de. 80 likewiſe the Angle a 5 d is oppoſite to the Angle 
c de, and which are always equal to one another, becauſe the Arches @ 6 and 20 


which are their Meaſures, are equal, and ſo the like of all others. 45 
„ LECT 21 
. , Of the Deſcription of Lines. 


As the ſeveral Works of this and the following Lectures are very often de- 


pendant on one another 2 7 * of a Chain), I ſhall therefore de- 
em, or Propoſition. g 


' A ProBLEM is a Propoſition, for ſomething to be done or made, as following. 
1 Pros, I. Phite III. Fig. I. 


To draw a right Line, from the given Point e, to the given Point X, and to con- 


tinue it infinitely from X towards f. 
x hes Firſt, apply the Edge of a ſtraight Ruler to the Points e X, and 
with a Pencil draw the Line required. Secondly, Lay the Edge of a Ruler to 


the Line e X, and applying the Point of a Pencil, c. to the Point X, continue- 


- 


the Line e X, from the Point X, towards f. 


8 „ NA on II. Mg. IL. wy 

tuo Points being given, (as gg) to find a Point of Interſection, as i... 

ation. Open your Compaſſes to _—_ Bilance greater = half the, Diſtance 

of the Points propoſed, and upon the Points g g deſcribe Arches, as g 4, g; 

then will the Point i be the Point of ltere 8 required, the Uſe of which 

will be preſently ſhewn ; and it is to be obſerved, that tis no matter what the 

Opening of your Compaſſes is, ſo that they are more than half the Diſtance of the 
| eee oO 

5 


Dacazrs and Minutes are thus written or expreſſed, viz. ten Deprees and 


$4 8 Ta nt dre * 4 - 
a7 ay * 
> "Ot —＋. 
— 7 1 2 
04 LR: Ty & OF * 


og. 
oem = 


ws 4 ee. —— 


and un, whereon, by the laſt Problem, find a Point of Interſe 
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given Points; and the Reaſon thereof is, that if the O} ning is leſs than half the 
ſtance, as g 4, and 4.6, the Arches deſcribed on pening cannot meet 


to interſe& each other, ſo as to make a Point of Interſection; as is alſo the Caſe - 


if the Opening be exactly half the Diſtance, as g 3, as is evident by the Figure. 


Hence *us plain, that unleſs the Opening be more than half the Diſtance of the 


given Points, there cannot be any Point of Interſection made. The Points i and 


, are both Points of Interſection; that of i, being found by an Opening equal 


to the whole Diſtance of the given Points, and that of g, by an Opening that is 


leſs. 3 | | | 
| PR o k. III. Fig. III, IV, V,. VI, and VII. | 
To ered Perpendiculars from given Points, in or near the Middle, and at or 
WON near the Ends of given right Lines. : 


Operation. Firſt, in Fig. III. let m be a given Point, in or near the Middle of 


the given Line on. Set any, equal Diſtances on each Side the gore Point m, as 9 
| ion, as 9. From 

m to g, draw the Line wy 9, which will be the Perpendicular required: for as m 1, 
and m0, are at equal ee from m, therefore (by Def. 15.) the Line mg 
is a Perpendicular ; becauſe the Diſtances n 9 and 09 are equal. VOY 
Secondly, to ered a Perpendicular from the given Point r, hee. IV. at the End of 
Operation, Firſt, on the given Point r, with an ening of your Co es, 
deſckibe an Arch, ass x c, — thereon ſet that ee + Bra as from / to x, 
and from x to v. Secondly, on the Points x and v find a point of Interſection, 
as 2 draw the Line rs, aud 'twill be the Perpendicular required. A Perpendi- 
2 may alſo be erected on the End of a given Line, by either of the following 


ſethods. As for Example : Firſt, Let 1 2, Fig. V. be a given Line, and 1 the 


*. 


given Point. 


Operation. Firſt, on 1, with any Opening of your Compaſſes, deſcribe an Arch, x 


as 3, 9, and thereon ſet its Radius, from 3 to 4, whereon with the ſame Open- 


ing deſcribe the Arch 3 5 6 8, and thereon ſet up its Radius three Times, at the 


Points 5 6 8. Secondly, draw the Line 8 1, and 'tis the Perpendicular required. 
_ Secondly, Let A D, Tig. VI. be a given Line, and A the given Point. 
Operation. Open your Compaſſes to any Diſtance, and ſetting one Foot in the 
given Point A, ſet down the other at pleaſure, as on the Point B, ſo that the 
oot in the Point A, may be capable to interſect the given Line, as in the Point 
C. Alſo on the Point B, deſcribe an Arch, as A G F, over the given Point A. 
Lay a Ruler from C to B, and it will cut the Arch A G F, in G: draw the Line 
G A, and 'tis the Perpendicular required. 
Thirdly, Let NO, Fig. VII. be the given Line, and N the given Poink. - 
Operation. Firſt, from a Scale of equal Parts, as a c d, Fig. I. take 6 Parts in 
your Compaſſes, and on the given Point N, deſcribe an Arch, as M M. Secondly, 
take 8 Parts in your Compaſſes, and, fet them from N to I. "Thirdly, take 
10 Parts, and on the Point I, interſect the Arch M M, in the upper N, and draw 
the Line NN, the Perpendicular required. | ; „ 
., Now as 64, the Square of 8, and 36 the Square of 6, are together equal to 
100, which is the Square of 10 by 10 ; therefore NN is a Perpendicular to the 
"ip Line NO. Fourthly, let ba, Fig. VIII. be a given Line, and à the given 
oint. 
Operation. With 60 Degrees of a Scale of Chords, on a, the given Point, 
deſcribe an infinite Arch, as 5 d; and then ſetting 90, from 6 to c, draw c a, 
the Perpendicular required. | „„ 
| | PRO. IV. Fig. IX. \ 


* 4 


Tv era Perpendicular on an angular Point. 
Let 5 ge be the angular Point given. | 


Operation. (1) A gn two Points, as h c, at any equal Diſtance from the given 
oints & and c, by Prob. II. find a Point of Interſection, aa 


Point a. (2) On the 
d; and draw d a, the Perpendicular required, 5 
4 4 R OB, 


Of GEOMETRY. 
Proz. V. Fig. X. and XI. 


voc a Perpendicular on the Convexity, and in the Concavity of an Arch fo 


Firſt, Let e 
ation, 
y Pros. II. Gad a Point of InterſeRion, as cz. draw c a, on e 


0 
on, 
. 


Ließ 


X. be the given Arch, and à the given Point. 


" Circle. 


— 


wo Points, as i d, at any equal Diſtance from a, and there- 


8 Let 5 4 d, Fig. XI. be the given Arch, and a the given Point. 7 
hs on. (1) Set any equal Diſtances on each, Side of a, the given Point, as in 

Problem, and thereon, by Pros. II. find the honed or MEN ts 1 bal 
( 5 Draw þ a, « the ann e 


"Poon V. Kken Ez 
7 biſett a given right Line, by a Perpendicular. p 


Lr ab be the given Line. 
Operation. On the Points à and 5, by Pros. II. find a Point of TnterſeRion 
on each Side of the given Line, as 4" and e, and then drawing the Line de, it 


* Parts at the Point c. 


\ 


Pros. VII. Fig. XIII. 
To erec a Perpendic cular on the Extremity of a Concave Arch, * Center it 


unknown, 


Lzr a db be the given Arch, and a the given Point. 
Operations Aſſign three Points in any Parts of the Arch, as g 4 6, and between 
them draw right Lines, as g d and 4b, which by the laſt Pros, biſe& or divide by 
Perpendiculars, which will interſect A other in c, the Center. of the' A 


from whence draw c a, the Perpendieular required. 


1 To let ng a Perpendicular from a given Point, on a given right Line. 
ET 4 P 
Operation. Open your Compaſſes to any Extent 
the given Point to the Line, and on 5, the given 
ſecting the given Line in the Points m and i, whereon find the Point of Inter- 


Pros. VIII. Fig. XIV. and XV. 


g. XV. be the given Line, and h the given Point. 


Por 


* . 
bk » 


ze 414 FA 
*+,C +4 
_- 


will be a Perpendicular to the given Line a _ and biſect or divide it into two 


eater than the Diſtance from 
oint, deſcribe an Arch inter- 


ſection g, and laying a Ruler from ꝶ tog, draw the Perpendicular 5 i, as required. 
Wote, This Operation i is to be uſed when the given Point is over, or nearly 
over, the Middle of a Line ; and the following when the given Point is over, 


or nearly over, the End of à Line, as 
From the 


Operation. 
Pros. VL. biſect in the 


quired. | 


2s b be the 
Operation. 


A 


the Point e, Lig. 
groom Point e, draw an obli 

oint Hs whereon with the 
circle, eutting the given Line in the Point ny * draw e n, t 


IV. 


74 01. IX. Fig. XVI. 
To let i fall a Pergindeular from a given Point, on a Concave Circular 1 e 


Center is unknown. 


iven Point, and d ef the given Arch. | 
e three Points in the given Arch at i as d eg, and 


ue Line, as ec, which b 
adius 70 c deſcribe a Semi- 
n re- 


draw the Lines g e and e d, which biſect in the Points o and c, and thereon-erect 
the Perpendiculars 06 and c b, which will interſe& each other in the Point 6, the 
Center of the Arch. Lay a Ruler from 8 the * Point, and draw @ _ 
CO OR required. 


The 6: X. | Fe. XVII. 
To divide an . into tuo equal. Parts, 'by 


LIT Bae be the given 


ngle, 


ly a Perpendicular. 


\ 


Opera- 


z = "4 
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, whereon find a Point of Interſection, as a, through which, from the augular 
Point a, draw the Perpendicular a ny as required. Te > 


PRO Rn. XI. Fig. XVIII. and XIX. 
To male an Angle equal to a given Angle. 

eis required to make the Angle 1. / b, equal to the Angle e a b. 
Draw a right Line, as 4. f, and open your Compaſſes to any Diſtance, 
and on the angular Point a, deſcribe an Arch, as 4 e; with the ſame Ojiving - on 
the Point 5, deſcribe an Arch at Pleaſure, as n g make the Arch n g, equal to the 
Arch dc; _ h _ Point g, from the Point 1 draw the right Line g h, and 
chen the Angle h will be equal to the Angle bae. In the ſame Manner, the 

Angle ed /, Hig. is made equal to the . bac, Fig. XXI. 


„Das, AIL' Ke. I. 
To continue a right Line to a greater Length than- can be drawn by a Ruler at 
one Operation. 
'Lar « be the given right Line, which cannot be made longer at one Opera- 
tion, by reaſon of the Ruler being of the ſame Length. 

ZE ation. With the Length of the Line a, on the Point a, deferibe an Arch, 
as c d; on which, from the End of the given Line, ſet off two Points, as /, 
whereon find a Point of Interſection, as h ; unto which, from the End of the oo. 
Line, lay a Ruler, and continue the given Line at Pleaſure. „ 


Pros. XIII. Fig. XXIII. 
To draw a right Line, parallel to a right Lins, at an aſſigned Diſtance. 

Lr iA, Fig. XXIII. be the given right Line; and A B the given Diſtance. 
Take the given n Diſtance A B in your Compaſſes, and on any two | rnd near the 
b Ends of the given Line, as 1 and p, deſcribe two Arches, as nn and © o, unto 
3 which lay a Ruler, ſo as but juſt tp ee their Convexities, and draw the Line my 

| which will be parallel to i 4, G the Diſtance of A Rg as required. 


Pr OB. XIV. Fig. XXIV. 


Lare be the given Line, and 5 the given Point. 


; 3 
\ . Operation. From the given Point &, draw an oblique Line, as 3 g, at 3 5 


to cut the given Line in any Point, as g. By Pxos. XI. make the An 5 cbg, 
_ to the Angle bg /, and from the ont c, to the Point 6, draw tho 


will be parallel to the given Line, as required. 


g : Oy = TASTY, Fig. v. 1 
| o deſcribe a Circle, concentric to a given Circle, at a given Diſtance. 

| Lr the given Circle be 55 and e d the given Diſtance. 

3 Operation. Draw a right Line = a the Center of the given Circle, as e 
t !- and make e d equal to the given Diſtance ; on a, with the Radius à e, deſcribe 


9 eg c as foquired- h 


ProB, XVI. Fig. XXVI. b : 
Hetwween tævo given Points to find fs others dire8ly interpoſed. 

Lr ad be the two Points given, to find two others directly interpoſed, ms 
. and e, by the Help of which a right Line may be drawn from the Point a to the 

| Point d, with a Rule whoſe Length is leſs than the Diſtance of à to d. | 
22 With any Diſtances greater than half the Length of a d, on the Points 
YH find two Points of Interſection, as e and /, on which with any Diſtance 
Bi | . than half the Diſtance between the two Points of Interſection, find two 


* 


the given Points a and wy as required, 
* 269 Pros. 


ration. Set any equal Diſtance on each Side the Angle, as from à to d, and 


To draw a right Line, parallel to'a _ 71 which ſball paſs through a given 
vint. 


ine d , ] 


other Points of Interſection, as ù and c, which will be Py interpoſed between 


( 
| 
1 
{ 


PLS, Of GEOMETRY. 77 

125 a" - P ROB, XVII. Figs. XXVII. x ; 
85 To divide a right Line into any Number of equal Parts, | 

Ler E F be the given Line, to be divided into 4 equal Parts. 

Operation, Draw a right Line at pleaſure, as a h, and thereon ſet four equal 
Parts of * Bigneſs, as 1 2 3 4, on the Points bf a and 4, with the Diſtance à 4, 
make the Section , and from n, through the Points a 1 2 3 4, draw right Lines 
out at pleaſure. This done, take the given Line in your Compaſſes, and ſet it 
from n to 5, and to /, and draw the Line & f,. which will be equal to the given 
Line, and will be divided into 4 equal Parts by the Lines u c, n d, n e, as required, 

ARicur Line may alſo be divided into any Number of equal Parts as * | 
ing, viz. let a b, Fig. XXIX. be the given Line to be divided into five equal 

arts, 

Operation, From the End 5, draw a right Line asb d, making any Angle at 
pleaſure. By Problem XIV. draw ac parallel to þ d, or by Prob. XI. make the 
Angle & ac, equal to the Angle 4b a, On the Lines b and a c ſet off four equal 
Diltances of any Magnitude, as at the Points 1 2 3 4 on the Line 5 d, and at 5 678, 
on the Line ac. This being done, draw the Lines 4 5, 3 4, 2 3, and 1 2, which will 
divide the given Line à 6, into 5 equal Parts at the Points 5g e, as required. 


Pros XVIII. | 
To divide a given right Line into unequal Parts in the ſame Proportion at another 
; Line is divided. | 
Ler the right Line A under Fig. XXV. be given to be divided in the fame 
Proportion as the Line Se, next below it. 

Operation, On the Points þ c with the Diſtance Be, make the Section a, from 
whence draw right Lines through every of the Diviſions /g i n m. Make à d, e 36, 
each equal to the given Line A, and draw the Line 4 6, which will be equal to 
the given Line A,-becauſe the Triangle 1a 6 is equilateral, and which will be 
divided by the Lines 4% a g, ©. in the ſame Number of Parts, and in the ſame 
Proportion as the Line 6 . 


PA O B. XIX. Fig. XXVIII. 
a . A Circle being given, to find its Center, 
Let f a þ be a given Circle, to find its Center. ; 
eration, Aſſign three Points in any Part of its Circumference, as fa Þ, and 
draw the Chord Lines fa, and a 6, which biſect in the Points = x, whereon ere 
the Perpendiculars z c, and x c, which will interſe& each other in c, the Center 
of the Cirele. 4 1 Lode | | . 


| | PRO BR. XX. Fig, XXX. f 
To find the Center and Diameter of a Tower, &c. whoſe Baſe is u Circle; being 
without the fame. 
Lx the Cirele /i / repreſent the Out. line of a Cylinder or round Building, 
whoſe Center and Diameter is known. | 
Operation. Apply the ſtraight Side of a ten- foot Deal againſt the Outſide of the 
Building, as % n, or, for want thereof, ſtrain a packthread Line, fo as juſt to 
touch the Building, as the Line h u, touching in the Point I. Set any certain 
Diſtance (ſuppoſe 10 Feet) from & to h, and from & to n, at which Points erect 
Perpendiculars continued until they meet the Building, as / i, and n H and mea- 
ſure their Lengths exactly, which ſuppoſe to be cach 6 Feet. This being done, 
make a Scale of equal Parts, as Fig. I. and let every Part repreſent 1 Foot. Draw 
a right Line to repreſent n, which make equal to ten Parts of your Scale, and 
on the Ends h̊ and n ere& two Perpendiculars, making the Length of each equal 
to 6 Parts, and draw the Lines i 4 and # J. Laftly, biſe& the Lines i 4 and 4 in 
the Points x x, and thereon erect the Feen xa, 2a; which by the laſt 
Problem will interſect each other in a, the Center of the Building, on which with 
the Radius a 4, defcribe a Circle, which will reprefent the Out- Ine of the given 
L | Building - 


\ 


"ny 20s FPAengs as 
a 


n 
15 
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rens 
Building, and whoſe Diameter being meaſured on your Scale of equal Parts, will 


ſhew the Number of Parts, which are the Feet contained therein. 


To find the Center and two Diameters of an Oval or Ellipſis. - 

LIT Ha ie, be a given Oval, whoſe Center , and two Diameters are to be 
found. | i * 

Operation. Draw at pleaſure two parallel Lines, as c + and m g, which biſect in 
the Points n and m; thraugh which draw a right Line, as I uml, which biſeQ in p, 
whereon deſcribe any Girele that will interſc& the Sides of the Oval, as c / d, 
in the Points c þ f d, through che Interſections i d, draw the right Line þ d, which 
biſe& in x ; then through the Points x þ draw the longeſt Diameter, and through 
the Point p, draw the ſhorteſt Diameter parallel to & d, and p is the Center, as 


required. 


PRO B. XXI. Fig. XXXI. 


Pros. XXII. Fig. XXX. Plate III. 


To draw a right Line through a given Point, that ſhall be a Tangent Line 10 4 


- wen Circle, | | 
Lr d be the given Point, through which the Tangent 46 is to be drawn. 
ation. Draw a right Line from d the given Point, to à the Center of the 
Circle, which biſect in n, whereon with the Radius m d, deſcribe the Semi-circle 
a e d, interſecting the given Circle in c, through which, from d, draw d 6, the 
Tangent Line required. | | | 
THz ſame is alſo to be underſtood of a Tangent Line to an Ellipſis, as Fig. 


XXXII. , | 
Pros. XXIII. Fig. XXXIII. Plate IV. . 
A right Line being given, as cd, to find another right Line equal thereto. 
Lzr de be the given Line. 3 „ | 
Operation. From the End c draw a right Line at pleaſure, as ac, and on the Points 
and c, with the Opening ac, find the Point of Interſection b, and draw ae and a 6 
out at pleaſure; on c with the Radius cd deſcribe the Arch of a Circle de, cutting 


the Line @ e, continued in e. On à with the Radius a e deſcribe the Arch e, 
cutting the Line @ þ continued in the Point g; then is6 g equal to c d, as required. 


| Pros. XXIV. Fg. XXXIV. and XXXV. Plate III. 
To divide the Circumferenie of a Circle into Degrees, Minutes, Hours, and Rhumbs. 
Let the Circle & a c d, Fig. XXXIV. be given to be divided into 360 Degrees, 
the Circle d a ce, Fig. XX XV. into 60 Minutes, the Circle 46 c e, Fig, XXXVI. 
into 12 Hours, and the Circle er 8 u, Fig. XXXVI. into 32 Rhumbs or Points 
of the Compaſs. 5 5 | 
FixsT, in Fig. XXXIV, and XXXV. draw the two Diameters at right Angles, 
as a d, and bc in Fig. XXXIV. and de, and ac in Fig. XXXV, Set the Radius 
of each Circle from c to g, and froma to u, and then will thoſe Quadrants be each 
divided into three equal Parts. In the fame Manner divide the remaining three 
uadrants in each oe: This being done, divide en, ng and ug in Fig. XXXIV. 
each into three equal Parts, and every Part into ten equal Parts, and then the 
Quadrant a e c, will be divided into go equal Parts. In the fame Manner divide 
the Quadrants a e, be. d, and then the Circle will be divided into 360 De Ces, 
as required. Alfo divide cn, ng, and a g, Fig. XXXV. each into 5 equal Parts, 
and then the e agnc, will be divided into 15 equal Parts. In the ſame 


* Manner divide the Quadrants à d, de, and ec; and ther that Circle will be divided 


into 60 Minutes, as required. N ; . 
SECONDLY, To divide the Circle of 12 Hours, Fig. XXXVI. | 

Draw two Diameters at right Angles, as dc, and be, which will divide the 

Circle into 4 Quadrants, ſet the Radius a d, from d to n and toi, alſo from e to 

F and to K, alſo from c to m and to h, and laſtly from b too and to x, and then 

will the Circle 4c e be divided into 12 equal Parts, as required. | 
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Tunpry, To divide the 32 Points of the Compaſe, Fig. KXXVII. 


' Draw two Diameters at right Angles, as e 8, and r u, divide each Quadrant 
inte two equal Parts, and then the whole will be divided into 8 Parts; divide 


each $th Part into 2 equal Parts, and then the whole will be divided into 16 Parts. 


Laſtly, divide each 16th Part into 2 equal Parts, and the whole will be divided into 
32 equal Parts, as required. 


| To proportion the Height of the Figures to the Hours. | 
Div the Semi-diameter of the guter Circle of your Dial-Plate into, 12 
equal Parts, give one to the outer Margin for the Minutes, five to the Margm 
for the Hour's Figures, and the next one to the Margin for the Diviſions of the 
uarters., b 


HE Figures by-which the twelve Hours are numbered, are the Capital Let- 


ters I, V, and X, which are proportioned and made as r | 
To proportion the Breadth of the Figures, divide their Height into 8 equal 
Parts, and give one Part to the Breadth of the full Stroke in every Figure, and 
one Quarter of a Part to the Breadth of the fine Stroke in the V and the X. 
Tux Diſtance of the I's from each other is equal to their Breadth. The 


- Breadth or Opening of a V at its Top, is. 4 Parts, and of an X is 5 Parts, as may 


be ſeen in Figure XXXVIII. by the dotted parallel Lines. If the Figures ſtand 
very high above the Eye; their Graces, which is their arched Finiſhings at their 


Tops and Bottoms, mult have a Breadth equal to the fine Stroke of an X, that is, 


of one Quarter of a Part. But whery the Dial is near to the Eye, there need not 
be any Breadth given to them, as in the Figures is repreſented. b 

Tus Curvature of every Grace begins at half a Part above the Bottom and 
below the Top of every Figure, as expreſſed by the Lines cd, and a6, and their 


Projections are half a Part alſo. The Graces to the T's are all . of a 


Circle, as hdg, and whoſe Centers are always on the Lines c d and a b, but the 


Graces of the V's and X's, are Arches leſs and more than a Quadrant, and whoſe 
Centers are found by this ns 


GrNERAL RUr x. 


| From the Point e Fig. X. where the Out · line of the Figure cuts ed, the Line 


of the Height of the Graces, ſerect the Perpendicular, as em. Make 4 g equal to 


half a Part, for the Projection of the Grace, and draw the Line eg, which biſect 


in & A, on which erect the Perpendicular x , interſecting the Line e n in n, the 


„Center, on which with the Radius m e, deſcribe the Arch e g, which is the Grace 


required. | | : 
EEC URET19 


On the Conſtruction of Plane Figures, 

£ „Pao. II. F. E. Plate IV. ; 
deſcribe an equilateral Triangle, as ab c, Fig. E, whoſe Sides ſhall be each 
equal to d a, a given Line; alſo an 1/oſceles Triangle, as a be, Fig. F, whoſe 
Baſe and Sides ſhall be e ual to the given Lines d and e; and likewiſe a Scalenum 
Triangle, as Fig. G, whoſe three Sides ſhall be equal to three given Lines, def, 
FirsT, make hc, Fig. E, equal to the given Line d, on the Points band e, with 
the Opening bc, make the Point of Interſection a, draw the Lines a , and à c, 
and they will complete the S Triangle, as required. Secondly, make 
b c, Tig. F, equal to the given | 
to the given Line d, make the Point of Interſection à, draw the Lines ab, and 
ac, and they will complete the Iſoſceles Triangle, as required. Thirdly, make 


be, Fig. G, equal to the Line /, on &, with an Opening equal to the Line e d, and 


on c with an Opening equal to the Line 4 made the Section a. Draw the Lines 
25 and ac, and they will complete the Scalenum I riangle, as required. 
Pros. II. Fig. H, and I. Plate IV. 


To make a geometrical Square, as Fig. H, whoſe Sides ſhall be cath" equal to a 
: ts given 
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ine e, on the Points-b and c with an Openiny equal | 
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given Line, as e, and a Parallelogram as Fig. L, wvhoſe Length and Breadth ſball-be 
equal to two given Lines, as e and f, | 

FizsT, Make d, Fig. H. equal to the given Line e, on d, by. Problem III. 
Lect. III. erect the Perpendicular d þ equal to c d, on the Points 6 and c, with 
the Opening c d, make the Point of Interſection a. Drav the Lines a 6, and ac, 
and they will complete the geometrical Square, as required. ; | 

SECONDLY, Make ab, Fig. I, equal to the given Line e, on the Point a, erect 
the Perpendicular @ c, equal to the given Line f, on c, with an Opening equal to 


ab; and on the Point 5, with an Opening equal to c a, make the Point of Inter- 


ſection d. Draw the Lines db, and de, and they will complete the Parallelogram, 
as required. F 


Pros. III. Fig. K, and. I. Plate IV. ; 
To mate a Rhombus, as ab cd, Fig. K, whoſe Sides ſhall be each equal to the given 
Line e, alſo a Rhomtbsides, asa e bd, Fig. L, <hoſe Sides and Ents ſhall be equal to 
the given Lines e f, and whoſe acute Angles ſhall be each equal to the given Angle M. 
Fiss r, Make ad, Fig. K, equal to the given Line e, on d, with the Radius 
d a, deſcribe the Arch a bc; make ab, and bc, each equal toad, Draw the 
Lines a bbc, and c d, and they will complete the Rhombus, as required. 5 
SeconDLY, Make à d. Fig. L, equal to the given Line c, by Problem XI. Lect. 
III. make the Angle da c equal to the Angle ac, and make c equal to the 
given Line /, on the Point c, with an Opening equal to 4, and on the Point d, 
with an Opening equal to ca, find the Point of Interſection bz draw the Lines c 6 
and d, and they will complete the Rhowmboides, as required. a | 


Pros. IV. Fig. N, and O. Plate IV.” 

To make a Trapezoid, as ab dh, Fig. N, whoſe Height, Top and Baſe ſball be 
equal to the threagiven Lines e 2 f, g, and h ; alſo a Trapczia, asaef g, Fig, O, 
22 _ fall be equal to 4. ie Lin and one of its Angles, as e a g, equal to Q 
an Angle given. | 
| Face, Make a h equal to the given Line g, and biſect it in a, whereon erect 
the Perpendicular nc equal to þ the given Height; by Problem XIII. Lect. III. 
draw d parallel to ah, biſect / in ⁊, and make c and cd each equal to ze; 
draw the Lines 4 and & a, and they will "complete the Trapezoid @ b d h, as re- 
quired. 
> SEConDLY, Make a g, Fig. O, equal to the given Line d, by Prob. XI. 
Le&, III. make the Angle e ag, equal to the given Angle Q, and make e a equal 
to the given Line d. On the Pointe with an Opening equal to the given Line 2, 
and on the Point g with an Opening equal to the "as, given Side, find the Point 
of Interſection 7. Draw the Lines ef, and / g, and they will complete the Tra. 
pezia, as required. | - 

Note, Tfthe Angle had been required to have been made an internal Angle, 
then the two Sides /e and /, muſt have been drawn to the Point of Interſec- 
tion , as in Fig. P, which is a quite different Figure from Fig. O, although the- 
given Angle and Sides are the ſame, | | 

Ir is alſo to be noted, when four right Lines are propoſed to be the 
Bounds of a Trapezium, that thofe two f.ines which make the Interſection, 
mult be longer than the Diſtance contained between the Extremes of thoſe Sides 
which make the given Angle, otherwiſe there cannot be a Trapezium made; 
for if the aforeſaid two Lines, fe and fo, Fig. O, were but equal to the Diſ- 
tance contained between g and e, the Extremes of the Angle g ae, they would 
make but one Line, and confequent!y the Figure would be a Triangle, . inſtead 
of a Trapezium; and if thoſe two Lines were leſs than the Diftance from e to 
g, then there could not be any Figure produced, Therefore 'tis plain, that to 
make a Trapezium, the two Sides which make the interfeional Point, muſt be 
greater than the Diſtance contained between the Extremes of thoſe Sides which 
contain the given Angle. = r 
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2 5 PRO RB. V. Fig. A, B, C, D, and 8. Plate IV. 


70 deſcribe a Circle of any given Diameter, uppeſe ten Feet, and to deſcribs | 
ind: Th 


ls of the 6 Y, ſecond, third, and fourth , to any Length w_ 
Operation. Firſt, make a Scale of equal Parts, as Z, and let each Part repre- 


| ſent one Foot. Take 5 Parts in your Compaſſes, and on à deſcribe the Cyrcle, 


whoſe Diameter c d, will be equal to ren Feet, as required. 2 
Secondly, Divide a f, Fig. B, the given Length of an Oval, into 3 equal 
Parts at e and 6, whereon with the Radius b f, deſcribe two Circles interſect- 
ing each other, in c and g, from which two Points, through the Centers e and 6, 
draw the Linesged, g bh, cb m, andc e n; on the Points 
Radius g d, deſcribe the Arches d l, and nm, which will complete an Oval of the 


firſt Kind. 


N * | | 
- Thirdly, Let df, Fig. C, be a given Length, as before. : 
Divipt df into four equal Parts, at ce h; on the Points e h, with the Radius 
c d, deſcribe two Circles, touching each other in the Point e; on e make the 
two equilateral Triangles a C , and nc, continuing their Sides out both ways 
at pleaſure, as to 5 8 6 and 7, on the Points @ anden, which with the Radius = 5, 
deere the Arches 5 6, and 8 7, which will complete an Oval of the ſecond 
ind. 
Fourthly, Let a & be a given Length, as befo 
Divx a + into 24 equal Parts, and >a d and Fi, parallel thereto, 
each at the Diſtance of 10 Parts; draw e h through the Middle of a +, at right, 
e gs to a h, and make cl, cd, allo g/, and g i, each equal to 10 Parts, and then 
will you have completed two geometrical Squares, wiz. be fg and e dg i. 


Draw their Diagonals, and on their Centers y and zx, with the Radius of z d, or 


2 i, deſcribe the Arches fa band di. On the Points c and g, with the Ra 


2 d, deſcribe the Arches þ e d, and F h i, which will complete an Oyal oft h 8 ; NEE 


third Kipd. | 


% 


It is here to be noted, That as the Proportion that the Side of a geometris k 155 


cal Square bears to its diagonal Line is yet unknown to all Mathematicians, ths 
Difference between them cannot be aſcertained. But however, the neareſt Pr; 


portion that the Side has to the Diagonal, is, as Five is to Seven; that is, the 
Side be five, the Diagonal is ſeven, and a little more. And therefore when be 
Length of the Oval is divided into 24 equal Parts, or twice 12, then e d, &c. bes 
ing 5, 2 & will be 7, and a little more; and therefore when the Arches'd 4, 
and 6 a /, are deſc:ibed on the Centers y x, they will exceed the Points a and &, , 


ſome ſmall Matter. | | 

Fifthly, Let e 4, Fig. 8, be a given Length, as before. 

Divipt the Length e 4, into four equal Parts, at the Points 2, 2, 3, and through 
them draw the Lines 7 7, þ n, and s v, at right Angles, to the Line e 4; _ 
1 71 f, allo 2 0, 2 1, and 3 6, 3 v, each equal to one-fourth of e 4, viz. to e 1, 
and complete the three geometrical Squares, er 2 n 3, and 2 v 4 continu» 
ing the Sides 7: 1, and 6 1, as alſo the Sides & 3, and n 3, out at pleaſure. On the 
Centers 1 and 3, with the Radius e 1, deſcribe the Arches me h, and 44 o. 


On the Centers & and u, with the Radius h or n d, deſcribe the Arches bd, and 


mo, which will complete an Oval of the fourth Kind, as required. 


PR OB. VI. Fe.V,W,X,R, T, and V. Plate IV. 
To male an Oval of any Length and Breadth required, by divers Methodls. 
Ler the Lines z æ, x x, Fig. V, be the given Length and Breadth. 
Operation, Furſt, make d equal to z a, and by Pros. VI. Lecr. III. 
divide d in two equal Parts, by the Line ar. Make & and x n, each equal 
to half x x. Make due equal to « c; divide e x into 3 equal Parts, and 
make e h equal to 1 Part. Make  # equal to x , and by Pros. I. hereof, 
on the Line þ 7, complete the two equilateral Triangles, h u t, and r ht, con- 


tinuing their Sides through the Points & and 4, at pleaſure, On the Points 6 and 


t, with 


and c, with the 
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t, with the Radius f /, deſcribe the Arches & / n, and b dg; alſo on the Points 
a and r, with the Radius r 6, deſcribe the Arches & c &, and n m, which will 
complete the Oval, as required. ' : EE, 
1 Secondly, by a Diviſſon of tewvo Circles, Fig. W. 

Lr the given Length and Breadth be the Lines x x, à x, as before. | 

Operation. Make the Line 1 2, equal to the given Line æ =, and divide it into 
two equal Parts by the Perpendicular 3 6. On a, the Point bf Interſection, with 
the Radius a 1, deſcribe the Circle, 1 326; alſo on a, with a Radius equal to 
half the Line x x, deſcribe the concentrick Circle 7, 4, 8, 5. Divide the Circum-. 
ference of each Circle into any and the ſame Number of equal Parts, (the 
more the better) as in the Figure where each Circle is divided into 24 Parts, 
Draw right Lines from the Diviſions in the ſmall Circle, parallel to the Line 1 2, 
to the right and to the left, at pleaſure. Alſo draw right Lines from the Diviſions 

as 57 # x 2, in the outer Circle parallel to the Line 3 6, and through the Points 
of Interſection, that they make with the other Lines before drawn, as c de h i, Ec. 
trace the Circumference of the Oval, whoſe Length 1 2, is equal to 2 z, and 


Breadth equal to x x, as required. 
ou 4 by the Ordinates of a Circle, Fig. X. 
Ler the given Length and Breadth be as before. 
Operation, Make be and a d, at right Angles to each other, and equal to the 
ven Length and Breadth. On c, the Point of Interſection with the Radius c d, 
Jelcribe the Circle a 5 d, Oc. Divide the Semi- diameter c f, into any Number of 
equal Parts, ſuppoſe 4, as at the Points 1 2 3; through which draw right Lines, 
{ arr to ad, as 1 g, 27, 3 &, which are called Semi- ordinates of the Circle. 
ivide 5c and ce, each into the ſame Number of equal Parts, as Fc, at the 
Points 4, 5, 6, through which draw Lines parallel to a d. Make 4 7, 4 m, (which 
are Semi-ordinates of the Ellipſis) each equal to 1 g, the Semi-ordinate of the 
Circle. Make 5 8, and 5 n, each equal to the Semi-ordinate 27; alſo 6 , 
and 6 o, each equal to the Semi- ordinate 3 4; then from the Point a, through the 
Points 7, 8, 9, eon m ch, trace one half Part of the Ellipſis. In the ſame 3 
ſet off Ordinates on the other Side; and complete the Ellipſis, as required. 


Fourthly, by the Help of a Line, or String, Fig. T. 

Lr the given Line þ be the Length, and the Line av the Breadth, 
Operation. Make 6 f, the long Diameter, equal to the Line 2, and d , equal 
to the Line do, and at right Angles to þ / Set e F, half the tranſverſe Diame- 
ter, from d to @, and to g on the tranſverſe Diameter, which are called the 
Focus Points of the Ellipſis, wherein fix two Nails, &c. and about either of 
them, ſuppoſe the Nait at a, put a double Line of Packthread, Sc. which ſhall 
reach unto the Point /; then with a Pencil, c. applied within the ſaid Line, 
and held upright, trace about the Circumference of the Ellipſis, which will paſs 
through the Points þ d n, as required. 4 

Fifthly, by Help of a Tramel, Fig. R. 

Lr 6 * and en be CR. 1 drawn 2 right Angles. | 

Operation. Firſt, make a Tramel, which is nothing more than two Pieces of 
Wood, as 4 7, and & g, fixed together at right Angles, with a Groove in the 
midſt of each, whercin the Pins g e of the Deſcribent g a move, as the tracing. 

Point a deſeribę the Ellipſis. The tracing Point a, is generally a fixed Point, 
but the Poinns «fe g, are moveable Points, and are made to flide on the De- 
ſcribent at pleMre. The Diſtance of the Point e, from the Point a, is always 
equal to Vc, halt the conjugate Diameter, and the Diſtance of the Point g, from 
the Point à, is always equal to half the tranſverſe Diameter. Fix down the 
Tramel oyer the two geen Diameters, fo that the middle Line of each 
Groove may lie directly over them; and the Points g e and a, being fix- | 
ed as a oreſaid: Then putting the two Poiats e -g, into the Grooves, with 
one Hand move the tracing Point a, (wherein frenerally is fixed a black 

Lead Pencil) and with the other guide the Pins or Points e gy in their reſpective 

| - =" 


Grooves, 


' | , 3 
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Grooves, whilſt the tracing Point a, makes one Revolution, which will deſcribe 
the Ellipſis required. : Tj | 


8 Prop VII. Fig. Y. Plate V. 
To deſcribe an Elliptical Polygon, about & Plantation of Trees, or Piece of 
ater. 85 . : 
Ler d be the given Length, and e d the given Breadth. 
Operation. Make a Paralle 
and Breadth to e d. Biſect the Sides 5 b and c q, in the Points e d; alſo t 
Ends 5 c, and 6 9, in the Points g and 7. Divide every Half of the Sides and 
Ends into any (and the ſame) Number of equal Parts, the more the better. In 
this Example, d 9, and F 9, are divided each into 9 equal Parts, as at the Points 


I 2 3 4, Cc. in each Line. Draw right Lines from d to 8, in Ff p, as alſo. 
from 1 to 7, from 2 to 6, from 3 to 5, from 4 to 4, from 5 to 3, from 6 to 2, 


from 7 to t, and fwm 8 to /; and they will. form one fourth Part of the Ellip- 
tical Polygon. Proceed in the fame Manner, to deſcribe the remaining three Parts, 
and they will complete the whole, as required. | ; 
| Note, In Practice this Figure may do near enough to repreſent an Oval; but 
ſtrictly confidered it is a Polygon of 4 Times the Number of Sides, as are 
Parts in each half. Side, | 


P oB, VIII. Fig. Z. Plate IV. 
To deſcribe an Fgg ovallar Polygon, about an irregular Piece of Water, by idle 
Interſedion of right Lines, | 
Lew the given Length be F h. | 
* Operation. Erect Perpendiculars on the Points F and 5, as à e, and bd, which 
continue both Ways at pleaſure. Make Vc, and F a, each equal, to one-third 


of /; alſo make bh and þ d, each equal to three-fourths of a c, and draw 


the Lines a bandc d. Bifetc ding, db in h, abun e, and ac = Then 
by the laſt Problem, divide each half Side, and half End, into equal Parts, and 


draw right Lines thereto, which will form the ture of the Egg ovallar 
Polygon, as required. | f 
P. Pray, Sir, wvhy do pen call theſe two laſt Figures Polygons? for, if T miſtake not, 


here are ſome Authors who call them Ovals or Ellipſes. Eg 
M. Tis very true, and fo an equilateral Triangle is, = the ignorant, called 
a three-ſquare Figure; and an Octagon, an cight-ſ{quare Figure, which is ridi- 
culous and abſurd, becauſe. neither of thoſe F; ures have any ſquare Angles, 
And as all Ovals are compoſed of Arches of Circles, how is it poſſible that right 
Lines, which form the Bounds of the aforeſaid Figures, can produce Arches of 
Circles ? Therefore if this be conſidered, tis plain, that the Bounds of the afore- 
ſaid, and all ſuch other Figures, are compoſed of a Number of right Lines, 
which make very large obtuſe Angles; and therefore they are either regular 
22 or Parts thereof; and though they come very near to the Bounds of 
Cire 
however, as tis cuſtomary to call them Arches, I will therefore do ſo too, in the 
following Problems. A, | 
2. Prom IA, . I 
5 To deſcribe a S mi- circle by the Interſection of right Lines. 
LzrT a c be the given Diameter. WR, | 
Operation. Biſect ac in b, whereon ere& the Perpendicular b , equal to 4 , 
by Pros. X. Lycr. III. Divide the Angle 5 bc, into two equal Parts, 
by the Line be. Divide & c into 7 equal Parts, and make s e equal to 9 of thoſe 
Parts. Draw the Lines þ e and e c, which divide into any Number of equal 
Parts, as in P OB. VII. hereof, and then drawing the Lines c 1, 1 2, 2 3, &c. 
they will form the Quadrant h nc. Proceed in the ſame Manner, to form the 
Quadrant a E, and it will complete the whole, as required | 


* 


Pes. 


logram, as þ 6 c 9, whoſe Length: i equal to g þ | 
e 


es, or Ellipſes of the ſame Diameters, yet in fact they are neither. But 
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To deſcribe a Scheme Arch, without any Reſpett being had to its Center. 
LI ac be the gies Length of its Chord Line, and one Half of the Perpeg- 


dicular 5, its given Height. | ; 
Operation. Biſe ac, and erect the Perpendicular &, equal to twice the given 
Height. Draw the Lines @ 3, and 6 c, which, as in PRO B. VII. divide into 
equal Parts, and draw right Lines of Interſection, which will complete the whole, 
as required. 
POB. XI. Fig. A D, and A E. 4 
To deſcribe a Gothick Arch for the Head of a Door or Window, by the Inter ſection 
0 Lines . f 
Lr a g, Fig. A D, be the given Breadth, and e c, the given Height. 
Operation. Make a g, equal to the given Breadth, which Þbiſe& in e, where- 
on erect the Perpendicular c c, equal to the given Height. Draw a 6, and # d, 
parallel to ce, and each equal to half e e. 5 
vide the Lines ay, bc, c d, d g, each into equal Parts, as in P OR. VII. and 
draw the interſecting Lines, which will complete the whole, as required. 
Fig. A E, is another Example, whoſe I. 
Conifruction is all the ſame, 5 1 
Note, If 'tis required to have the Curvature of the Hanſes of this Kind of 
Arches, to be more or leſs flat, the Height of the Lines a 6 and 4, mult be 
encreaſed or decreaſed at pleaſure, which a very little Practice will make you 
perfect in. ö | 8 
| Pros. XII. Fig. A G. Plate IV. 
To deſcribe a Gothick Arch, compoſed of real Arches of Circles, 
Lr n g be the given Breadth. x, . ; 
Operation. Divide n g into 3 equal Parts, at m o, whereon with the Radius 
© g, deſcribe the Semi-circles g m and o n. On the Points u g, with the Ra- 
dius m g, deſcribe the Arches g r, mt r, o , land n 9. From q, through o, draw 
the Line go d, at pleaſure. Alſo from r through m, draw through the . 
at pleaſure ; alſo, on the Points ꝙ and r, with the Radius ꝙ o, more o g, deſcribe. 
the Scheme Arches on each Side of e, which will meet the aforeſaid Semi-cucles, 
at the Lines þ rand 4g; and then will » e g be the Gothick Arch required. 
Note, The Arches @ 6 c, and c d /, are concentrick to the former, as being 
deſcribed at any given Diſtance on the ſame Centers. . 
A GoThick Anh may alſo be deſcribed, as in Fig. A F, as follows. 
Le c © be the given Breadth. 
Operation. Divid 
as on 6 and , with the Radius = o, .deſcribe the Semi-circles e de, and o. 
On the Points on c þ, with the Radius o , deſcribe the Arches þ 9, c p, and 
1 p, o q, interſecting each other in the Points p and g ; from whence, 5 the 
Points þ and u, draw the Lines q & f, and pn i, at pleaſure. On the Points 
and g, with the Radius p /, deſcribe the Arches / 4, and d &, interſeQing eac 
other in &, which will complete the Arch, as required. 
1 * The concentrick Arch, a g h i J, is deſcribed on the ſame Centers as 6 n, 
and Þ 9. 
5 PRO B. XIII. Fig. C. Plate V. | < 
To deſcribe an Arch, wwhoſe Height is greater than half its Chord Line. 
Lire d be the given Breadth, and eb the given Height. 


eration. Biſect c d in e, and thereon erect the Perpendicular e a, of Length 


at Pleaſure. Make e þ equal to the given Height; allo 6 a equal to e h, and 
draw the Lines c a and a d, which divide into equal Parts, and draw the inter- 
ſecting Lines, which will form the Arch as required; and which is of very 
e Strength, and much ſtronger than a Semi-Ellipſis of the fame Breaath and 
Height, as I ſhall demonſtrate to you hereafter, when I come to explain the 

Strength and Abutments of all Kinds of Arches. | f 


"Paon 


raw the Lines c , and ed. Di- 


eight is leſs. than Fig. A P, but its 


ine m 


eco into five equal Parts. On the firſt Part, at each End, 


_—y iS a nn a 


e 
a 
a 
b 
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ProB XIV. Fig. Al. Plate IV. 


To deſoribe a rampant Semicircular Arch, by the Interſecbion of right Liner. 


Lr a p Be the given Diameter, and à b the Height of the Ramp. 
Operation, Biſect % in u, whereon erect the perpendicular n e, of Length 4 


12 From the Point a, draw 4 6, parallel to n e, and equal to the given 


eight of the Ramp; and draw the oblique Line 3%. By Pros. X. Lzcr. III. 
divide the Angle e n w into two equal Parts, by: the Line n f. Divide n þ.into 
ſeven equal Parts, as in Pxoz. IX. hereof, and make n / equal to nine of thoſe 
Parts. Set up ꝙ e equahto an, and draw the Lines e . p; on the Points þ and 
, find the Point of Interſection c, by making ec equal to ef, and cb to f p, 
and draw the Lires c and ce. Divide the Lines bc,ce,ef, and / P, into 


equal Parts, and draw the ee Lines; they will complete _ Semicircle, 
as required. : 
| Pa o B. XV. Pig. AL. Plate IV. 
To deſcribe a rampant Semi-Fllipfis, by the Iuterſection of Lines, 
Ler <4 be the tranſverſe Diameter, / equal to half the conjugate Diameter, 


and 43 the Height of the Ramp. 
Operation. Make c 5 6% to the given tranſverſe Diameter, which biſect in g, 


whereon erect Perpendiculars, as g d, at pleaſure. Draw c a and e h, parallel to 
4 , of Length at pleaſure ; make c i equal to the given Height of the Ramp; alſo 
make b a and h e; each equal to half the given conjugate Diameter; and draw 
the Line à c. Divide ba, ad, de, and e h, into equal Parts, and draw the inter- 


ſecting Lise, which will complete the whole as required. 


PRO B. XVI. Fig. A H, and A K. Plate IV. 
Ta deſcribe a rampant Circle, and a rampant Elligſit, by the nn. of right. 


Lines. 
Firſt, to deſcribe the rampant Circle, Fig. H. 


Lev d f be the Diameter given. 
Operation. Make g i _—_ to df, and by Pros. III. hereof, complete the 


Rhombus ac gi, Biſect 4 c in b, ei in , 4 1 in 4 and gi in h; ; then divide 
ab, be, cf, 15 i, ih, h g, gd, and d a, into equa Parts, and draw the interſecting 


Lines, whic will complete the whole, as required. 


. II. To deſeribe the rampant Elligſit, Fig. A K. 
Ler e d be the tranſverſe, and & þ the conjugate Diameters ; als let the Angle 


di h bea given Angle. 

Operation. Make _ to e d, and the Angle d i h, be equal to the given 
Angle. By Pzos. fit ereof complete the Rhomboid a cg 7, whoſe Sides and 
Ends biſect in the Points eb dh. Divide ab, bc, c d,-d i, i B, h „g e, and e a, 
into equal Parts, and then drawing the interſeQing Lines, * wi complete the 
whole, as required. 

PA os. XVII. Fig. A. Plate V. 


To deſcribe a rampant Scheme Arch, by the Interſefion of right Lines. 
LerT e d be the Chord Line, or given Breadth, cf the given Height of the 


Arch, and ea the Height of the Ramp. 
. 2 Make AJ equal to the given Breadth, which biſect in g, whereon 
ndicular g h, of Length at pleaſure. Draw ea parallel to g 6, 
Kar — 24 e given Height of the Ramp. Draw the Line à d, and make fe, 
iven Height o the Arch. Draw the Lines a b and 


and c b, each equal to the 
f Parts, and drawing the interſecting Lines, they will 


b d, which divide into equal 
M Pro» 


complete the whole, as s required, 


r 
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| Px 63. XVIII. Fig. B. Plate V. 
To d(ſeribe a rampant Gothick Arch, by the Interſe&ion of right Lines. 

Luer i e be the gol Breadth, and g 5 the given Height. * 

1 Make i 712 to the given Breadth, which biſe@ ip /, whereon 
erect the Perpendicular f l, of h at pleaſure ; from the Point B, draw the 
Lines ia and e d, pra to fb, of Length at pleaſure; make i h, equal to the 
given Height of the Ramp, and draw the Line Be; make ha and ed, each equal 
to half the ** Height, alſo make c equal to c g, draw the Lines a 6 and 3 4. 
Divide the Lines @ h, a b, alſo þ d and de, each into equal Parts; and draw the 
interſecting Lines, which will complete the whole, as required. DA 


| PRO R. XIX. Fig. D. Plate V. 
Do deſcribe a rampant Semicircle by Ordinates. 

LzT e 5 be the given Diameter, and g a the Height of the Ramp. 

Operation. Make g d b equal and ralle! to the given Diameter c e, on the Points 
e e, erect the Perpendiculars c a and e h, each of Length at pleaſure. Divide the 
Diameter c e into any Number of Parts either equal or unequal, as at the Points 
I 468, Oc. On , with the radius Je, deſcribe the Semicircle'c 4 e, and from 
the Points 1 468, Cc. draw right Lines parallel to the Line ca, of Length at 
3 Make 9 à equal to the Height of the Ramp, and draw the Line a ö. 

ake the Ordinates 1 2, 4 3, 6 5, 8 7, Cc. in the Semicircle D, and ſet them on 
the Line a l, from 1 to 2, from 4 to z, from 6 to 5, from 8 to 7, Ec. and from 
the Point a, through the Points a2 3 5 7F, Cc. trace the Curve a f 6, the ram- 
pant Semicircle required. | 

Fig. E is a given regular Scheme Arch, from whoſe Ordinates, the rampant 
Scheme Arches dg, E l, and u mp, are produced at different Heights of ramp- 
ing, as /, ö, and / n, where every reſpective Ordinate is equal in each, unto 
thoſe in the regular Scheme Arch a þ c, Fig. E. | 

Fig. F is a given regular Semi-Ellipſis, from whoſe Ordinates, the rampant 
Semi-Ellipſis / ge, and / m i, are produced at different Heights in the fame Manner. 


ProB. XX. Fig. G H. Plate V. 

0 To deſeribe a Parabola. 

Note, When a Cone has a Section cut parallel to its Side, the curved Boundary 
of the Superficies, made by the Section, is called a Parabola. | 

Lr x ff be a given Cone, and be the Perpendicular of the given Section. | 

Operation. Biſect the Diameter of the Baſe / in p, and from the Vertex of 
the Cone, draw x p, its Axis, which continue downwards at pleaſure towards d, 
in Fig. I; in any Part of the ſaid Line x p, continued as at 5, draw /g, parallel 


to ff, and make 5 2 equal tobe, Divide J e into any Number of equal Parts, 


ſuppoſe four (but the more the better) as at the Points op ms; and from thoſe 
Points draw right Lines parallel to the Baſe ff, meet the Side of the Cone in the 
Points gr bi. Alſo divide 5 =, in Eg. H, into the ſame Number of equal Parts 
at the Nun x, 2, 3» 4, and through thoſe Points draw right Lines, to the right 
and left at pleaſure, and parallel to/g. In Fig. I, make 5 n equal to fp, the 
Semi-diameter of the Cone, and with the Radius u 5, on the Point , deſcribe 
the Circles / a m h, on n in Fig. I; with the Radiuſes & s, i , h u, eg , in Fig. G, 
deſcribe the Circles df g i, and from the Points o pm , in Fig. G, draw right 
Lines parallel to.x 2 d, interſecting the outward Circle in Fig. I, in the Points 
a 5, the next in the Points cd, the next in the Points e f, and the next in the 
Points & g, interſecting the Diameter / m, in the Points op 9. Then will the Lines 
4 b, c d, e f, hg, L i, be the ſeveral Ordinates of the Parabola that paſſes through 


its Perpendicular, at its divided Points, 1 2 3 4; and therefore making 5 /, 5 . 


each equal to o a, or o ö, in Fig. I, alſo 4 2, 4 u, each equal to c = or n d, alto 
3 y, 3 t, each equal to pe or þ /, alſo 2 x, 2 5, each equal to þ q or g, and from 
the Point 1 in Fig. H, through the Pointsz px x 21, to 4, trace the Curve of 


the Parabola required. 
Note, 


the Curve. By the ſame Method you may find more Points if required. 
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Note, It is to be obſerved, that to deſcribe the upper Part-of the Curve with 1 


Exactneſs, tis neceſſary to find the Points - and wv, ag following; divide 35 — 
vide 


| be, in Fig. G, in two equal Parts in o, and draw o r parallel to x d, alſo 


2 2, on e Line * d, in Fig. H, into two yal Parts at I, and draw wr, Pa» 
rallel to x 7; on n, with the Radius : m, in 5 

from the Point o draw the Line o 4, parallel to x d, cutting / m in the Point r, 
make lr, 1 , in Fig. H, euch · equal to Ir, and through the Points r , trace 


Pao n. XXI. Fig. K, L, M. Plate V. ; 
To deſcribe an Hyperbola. 


*% 


Note, When a Cone has a Section cut parallel to its Axis, the curved Boundary 
of the Figure, made by the Section, is called an Hyperbola. | 


| Lerac be the given Cone, and d n the Perpendicular of the given Section. 

L. e Biſe& the Baſe e in t. Continue the Axis a t, downwards at 
pleaſure, as to m, in Fig. M, and in any Part thereof, as at 5, draw y x, parallel 
to c b, and make 5 m equal to dn. Divide 4 n and 5 m, each into the ſame Num- 
ber of equal Parts, as at x fg e, and 1 2 3 4. From the Points e x f g, draw right 
Lines parallel to c 6, cutting the Side of the Cone in the Points i 4 /m. Make 5 = 
equal to ct, and through the Point n, draw the Line 07, parallel to y x, and 
_ to c bz on the Point n, with the Radius 7, deſcribe the Circle o 5 f m, 

o with the Radiuſes m , I r, Ig, and i p, deſcribe the Circles pgr . Con- 
tinue d n the Perpendicular of the Section parallel to the Axis a m, interſecting 
the ſeveral Circles in the Points a bc de g HII. Through the divided Points 
1 2 3 4, in the Line m 5, Fig. L, draw right Lines parallel to y x, to the right 
ant left at pleaſure. Make 5 y and 5 * in Fig. L, cach equal to f a, or f Ty in 
Fig. M, alſo make 4, 8; 4, 12 ; each equal to fb, or f l, alſo make 3,73 


3, 11; each equal to fc, or f i, alſo make 2,6; 2, 10; each equal to / d or / 


and laſtly, make 1,5; 1, 9; each equal to half eg, from the Point y through 
the Points 8, 7, 6, 5, mg, 10, 11, 12, to x trace the Hyperbola required. 


. Pa OR. XXII. Fig. N. Plate V. | 
oy a given right Line to deſcribe any Polygon, from a Hexagon to a Duodecagon, 
ET an be the given Line, 5 

Operation. Biſect the Line à n, in the Point o, whereon erect the Perpendicular 
o m, upon the Points à and n, with the Radius an; deſcribe the Arch x n, which 
divide into fix equal Parts at the Points 123 4 5 ; make x 6, equal to  », alſo 
& m to x5, xi to x 4. „e toæ 3, æ d to x2, and xctox 1. Then will the 
Points x cd ei n 6, be the Centers of the Circles 6, 7, 8, 9, 10, 11, 12, which 
are capable of containing the given Line, ſix, ſeven, eight, nine, ten, eleven, 
and twelve times, and therefore will be a Hexagon, Septagon, Octagon, c. 

Bur to make this more intelligible, I will illuſtrate each Polygon fogly in the 
following Problems. | 


Pros. XXIII. Fig. A. Plate VI. 
To deſcribe a Pentagon, whoſe Sides hall be each equal to f g, a given Line. 
Operation. On the Points g and /, with the Radius fg, deſcribe the Arches ng, 


and n /; make n = equal to n, the Chord Line of one ſixth Part of the, Arch nf, 


and on x, with the Radius z /, deſcribe the Circlea b cg f; then making F a, 


« b,b c, c g, ga, each equal to 8 draw the Lines af, /, Fe, and cg, which 


will complete the Pentagon, as required. 


' PRO B. XXIV. Fig. B. Plate VI. 
| To deſcribe a Hexagon, whoſe Sides ſhall be each equal to h g. 
Operation. On the Points h and g, with the Radius Hg, find the Point of Inter- 
ſection , whereon with the Radius u 7 deſcribe the Circle abc d g h, make þ r. 
2 b ; ; avs 


* 


ig. G, deſcribe the Circle & i, and 


* 
re 


% 
PPP 


— 


ab, 5 c e d, de, and ef, each equal to hg, and draw the Lines h 4, ab, b e, e d, 
de, and e f, which will complete the Hexagon, as required. 4 


| | PRO B. XXV. Fig. C. Plate VI. er, in? 
To deſcribe a Heptagon or Septagon, who Sides ſhall be each equal !9 a given 
; SO Line, as y f. Eo 
rome. Biſect y f in x, whereon erect the Perpendicular æ 7, on the Point 7, 
with the Radius y /. deſcribe the Arch ys, make / x equal to one ſixtb Part of the 
Chord Line of the Arch y 5s, on x : with the Radius æ /, deſcribe the Circle ya 3 7 


de f, wherein from the Point q, ſet the given Line 5%, from y to a, from a to 3, 


from 3 to 7, c. *nd,drawing the Lines y a, a 3, 3 7, Oc. they will complete 
the Septagon, as required, a 


PRO RB. XXVI. Fig. D. Plate VI. 
To deſeribe an Octagon, whoſe Sides ſhall be each equal to a given Line, as p q- 
Operation, Biſect þ 9, in o, whereon ere the-Perpendicular o 7, on the Point 
„with the Radius g, deſcribe the Arch p &; make r, equal to n, the Chord 
Line of one third Part of the Arch p x ; and on , with the Radius r 12 deſcribe 
the Circle abc de f q p, wherein ſet the given Line p 9, from þ to a, from à to b, 
from 6 to c, Cc. and drawing the Lines p a, à b, b c, Oc. they will complete 
the Octagon, as required. „ 
3 PR OR. XXVII. Fg. E. Plate VI. | 
To deferibe a Nonagen, whoſe Sides ſhall be equal to a given Line, as e f. 
- 8 Biſect e /, in h, whereon erect the Perpendicular þ d, on /, with 
the Radius Ve, deſcribe the Arch ea. Make a d equal to the Chord Line of half 
the Arch ea, as az; on d, with the Radius 4 Fe defcribe the Circle e/s rg me ny 
wherein ſet the given Line e /, from e to t, from / tos, from : to r, Oc. and 
drawing the Lines e ts, s r, Oc. they will complete the Nonagon, as required. 


Pros. XVIII. F. F. Plate VI. 
To deſeribe a Decagon, whoſe Sides ſball be equal to a given Line, as pe. 
Operation. On e and p, with the Radius e, 0 
and on a erect the Perpendicular a ez make à c equal to the Chord Line of two 
third Parts of the Arch à p, and on the Point e, with the Radius e p, deicribe the 
Circle eng HAI Oe, wherein ſet the given Line p e, from p to n, from n to g. 
from g to h, Cc. and drawing the Lines n, n g, g h, Oc. they complete the 
Decagon, as required. | ' | 
POB. XXIX. Fig. G. Plate VI. | 
To deſcribe an Undecagon, whoſe Sides ſhall be equal to a given Line, as ed, 
Operation. On the Points e and d, with the Radius d e, deſcribe the Arches ea, 
and d a, make a g equal to the Chord Line of five- ſixths of the Arch e a, on the 
Point g; with the Radius ge, deſcribe the Circle : & / m, Oc. wherein ſet the 
given Line e d, from e to i, 5 i to þ, Oc. and drawing the Lines ei, 4, c. 
they will complete the Undecagon, as required. . 55 


Pao XXX. F. H. Plate VI. 
To deſerite a Duodleca gon, wwhoſe Sides Al bz equal to a given Line, as gf. 
Operation. Make g a and ad each equal to g f on d, with the Radius 4 % de- 

ſcribe the Circle g þ i &, Oc. wherein ſet the given Line g /; from & ta 2, from 


h to i, from i to &, Sc. and drawing the Lines g 5, ht, i, Sc. they will com- 


plete the Duodecagon, as required. . 
Havixo thus ſhewn the Conſtruction of each Polygon ſeparately, you wil 
eaſily underſtand how to make any Polygon from twelve to twenty-four Sides, by 


the fullowing | 
PR OR. XXXI. Fig. O. Plate V. 
To mate a Polygon of any Number of Sides from twelve to taventy-four, upon a 
g. ven Line, as be. 
8 Operatien, 


eſeribe the Arches a p, and a c, 


en. 


the Radius of 4 


Septagon, in 


Of GEOMETRY. 8g 
Operation. Biſect h c in d, whereon erect the Perpendicular d, a, 24, of Length 
at pleaſure, on the Point e deſcribe the Arch þ a, which divide into 12 equal Parts. 
Take as many of the 12 Parts of þ a, as are Sides in the Polygon required more 
than 12. Suppoſe, for Example, a Polygon of fix Sides; upon the Point a with a 
Radius equal to four Parts, deſcribe the Arch 12, becauſe the 12 Parts in the Arch 
b a, and the four of from a to 2, are equal to 16 Parts, Upon the Point 2, with 
rts, deſcribe the Arch e 8, on the Point 8, with the Radius 8? 
deſcribe the Circle 16, the Circumference of which will contain the given Line 
b c ſixteen Times, and thereby complete the Polygon, as required. _ 
Tbe lite is aljo to bf performed for any other Polygon. 


— * PrxoB. XXXII. Fig. I. Plate VI. 
To make an equilateral Triangle, | RD Square, Pentagon, Hexagon, Septagon, 
Octagon, Nonagorn, or Decagon, within a given Circle, : 
Lr i da x, be the given Circle, $ . | 
Operation. Draw the Diameters i a and d x, at right Angles to each other, 
alſo draw the Line da, which biſe& in the Point 2, and from 3 through the Point 
2, draw the Line þ 2 56; through the Point 2 draw e m, parallel to 0 2, or make 
a c and a m, each equal to a &, alſo draw a; make a e equal to 4 d, and 


draw de, divide the Arch mac into three 2 Parts, and make x m equal 


to one of thoſe Parts. Then con is the Side of an equilateral Triangle; d a, of 
a geometrical Square ; de, of a Pentagon; dh, of a 5 ; /m, of a Heptagon; 
ba, of an Octagon; m x, of a Nonagon; and eh, of a Decagon; which may | 
made within the given Circle, id a x, or Circles equal thereto ; as in the Circles, 
KLMN O P, which are equal to the Circle Fig. I, and which contain the fol- 
lowing Polygons, viz. In the Circle K is a Pentagon, in L a Hexagon, in M a 
N an Octagon, in O a Nonagon, and in P a Decagon. 


| Pa on. XXXIII. Fig. A D. Plate VI. PEE | 
To deſcribe any regular Polygon on a given Side, by the Help of the Line of Chords, and 
0 


knowing the Quuntiiy of Degrees contained in an Arch, whoſe Chord Line is the Side 


* 


£4 the given Polygon. | c 
HE number of Degrees contained in an Arch, whoſe Chord Line is the Side 
of an equilateral Triangle, are 120, of a geometrical Square go, of a Pentagon 
72, of a Hexagon 60, of a Septagon 51 3, of an Octagon 45, of a Nona 
40, of a Decagon 36, of an Undecagon 32 Fr, and of a Duodecagon 30. 
To prove that the aforeſaid Degrees are the Quantity contained in an Arch, 
whoſe Chord Line is the Side of a Triangle, geometrical Square, &c. divide 
60, the Number of Degrees in 2 Circle by the Nambey of Sides contained in the 
igure propoſed, and the Quotient is the Number of Degrees contained in the 
Arch of every ſuch Chord Line, which is the Side required. 8 
Lr it be required to deſcribe a arr, 1 as Fig. AD. 
Operation. With 60 Degrees of your Line of Chords, on = deſcribe the Circle 
a di b, make ab, bd, di, i h, and h a, each equal to 72 Degrees, and draw 


the Lines 4 , b d, di, i h, and h a, they will complete the Pentagon, as required. 


Note, If your Line of Chords ſhould be of too large or too ſmall a Radius, 
nn proceed as follows, viz. ſuppoſe tis required to deleribe the ſmall Pentagon 
Pp n Mm. 
Fix sr, complete the Pentagon, a 3 d i b, as before taught, and draw the Lines 
2 V, ⁊ d, 2 b, ⁊ d, and zi. Biſect any Side of the Pentagon, as J d, in ur make 
t and v each equal to half one Side of the given ſmall Pentagon, and draw t and 
eo p, at right Angles, to @ h, meeting the Lines a 2, and 8 2, in the Points 7 and +. 
Make 2 / z n, 2 m, each equal to 2 &, or 2 p, and drawing the Lines / &, & p, 
m, m n, and u /, they will complete the Pentagon, as required. 
EAM LE II. : 
Acain, ſuppoſe the ſmall Pentagon p& / n is given, and *tis required to de- 
ſeribe the large Pentagon a 5 d i h, with a ſmall Line of Chords, E 
- | IRST, 
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Fiasr, Complete the ſmall Pentagon, and from its Center draw right Lines 
through the angular Points at pleaſure. Continue any Side of the {mall Pen- 
tagon at both Ends, at pleaſure, as the Side + 45 towards ꝗ ander; biſect I p in 
s make 3 9, and s r, each equal to half of one Side of the large Pentagon. Draw 
the Lines g J, and r a, at right Angles to r, and continue them to meet the Lines 
z a, and z b, in the Points a wg d ; make z d, > i, and 2 h, each equal to 
= J, or 2 a, and draw the Lines a , b d, di, i b, and h a, which will complete 
the large Pentagon, as required., | | | 


ProB. XXXIV. Fig. R. Plate VI. 

To deſcribe any Polygon, on a given Side, having the Number of Degrees given, that 
| are contained in each . of the Polygon. | | 
Treg Number of Degrees in the Angle of a regular mn, na are 108, in a 

Hexagon 120, in a Septagon 128 f, in an Octagon 135, in a Nonagon 140, in 


- a Decagon 144, in an Undecagon 147 1, and in a Duodecagon 150. 
Lier a be the given Side. x 


Operation. On the Points a and 3, with 60 Degrees of Chords, deſcribe the 
Arches g / and hi; make 5 x, and g x, each equal to go Degrees, and = i, and 


/, each equal to 18 Degrees, then will the Arches 45 , and h i, be each equal 


to 108 Degrees; through the Points F and i, draw the Lines a e and J a, each 
equal to a 6, by Pros. XI. Lect. III. make the Angles ae m, and ba m, each 
equal to the Angle a þ a, and draw the Lines e m and am, which will meet in m, 
and complete the Pentagon, as required. And fo the like for any other Polygon. 

THz Number of Degrees, that are contained in the Angle of any Polygon, is 
found by ſubtracting the Number of Degrees contained in the Arch, whoſe Chord 
is 2 Side of the Polygon, from 108, and the Remains is the Quantity of the Angle 
required, | 


PAO R. XXXV. Fig. Q. Plate VI. ; | 
To find the Radius of a Circle capable to contain any Polygon, whoſe Sides fball be 
each equal to a given Line, as a C. 
Operation. Biſect a c in b, whereon ere& the Perpendicular b ; make a 5 
equal to ac, and on h, with the Radius & a, deſcribe the Arch a dc, which divide 
into 6 equal Parts at the Points 1 2 4 3 4, make u, u o, h p, pg, gr, ret, and 
# m, each equal to the Chord Line of the Arch an, ap,ag,ar,as, at, am, 41, 
and draw the Lines uo, which are the Semi-diameters of Circles that will contain 
all the r from a geometrical Square unto a Duodecagon, vix. the Line 
adius of a Circle that will contain a geometrical Square, the Line 
a n, the Radius for a Pentagon; a 5, for a Hexagon; a p, for a — ; agy 
for an Octagon; ar, for a Nonagon ; a 5, for a Decagon ; @ f, for an Undeca- 
gon ; a n, for a Duodecagon. In the like Manner any greater Number of equal 
arts being ſet above m, all other Polygons of more Sides than 12 may be deſcribed. 


TACT URE *. 
On the inſeribing and circumſcribing of Geometrical Figures. 


PA O B. I. Fig. T. Plate VI. 


3 re a Circle, as c a b, in any right-lined Triangle, as il k. 
Peration. By Pros. XI. Lect. III divide any two Angles of the Tri- 
angle, by Perpendiculars, as 5 d and 4 e, interſecting each other in ; 
from whence, by Pros. VIII. Lect. III. let fall a Perpendicular, as F a, 
en /: with the Radius / a, deſcribe the Circle a þ c, which will touch the Sides 
Ji and & /, in the Points of Contact 5 and c, and therefore is inſcribed, as required. 


Pros. II. Fig. S. Plate VI. | 
To inſcrile a Circle, as n 1 m e, within a geometrical Square, as be a d. 
6 | Operation, 


, . ] . DIAS SES ons ety oe + — 


| _» ff GEOMET:R\Y, BET 
Operation. Draw the diagonal Lines b d, and a c, from the Center þ ; let fall 
the Perpendicular + e; on the Center h, with the Radius þ e, deſcribe the Circle 
Im e, which will touch the Sides in the Points u Im e, and therefore is inſcribed, _ 
. as required. | WE) 1 
| P x oB. III. Fig. Vand W. Plate VI. CA 
To inſcribe a Circle, as h k 1 i g, within any regular Polygon, as the Pentagon 
I bedf. ::* 


abcdf. 
Operation. Let fall a Perpendicular from the Center d, to any Side, as d g, on 

F e; with the Radius 4g deſcribe a Circle, which will touch the Sides of the 
Pentagon, in the Points of Contact, + & / ig, and therefore is inſcribed, as re- 
quire 5 3 
Fig. W, is a ſecond Example of a Hexagon, which hath a Circle inſcribed _ 


within it, in the ſame manner. 


Pa 03. IV. Fig X. | Plate VI. 1 
To inſcribe a geometrical Square, as ef d 7, within any right-lined Triangles, as 


abe. 
Operation. On the Point c ere& the Perpendicular c x, equal to c 3. From the 
angular Point a, draw ug, parallel to x c, meeting the Baſe b c in g. Draw x g, 
cutting ac in /; draw / x, parallel to a g; allo F e, parallel tobc; and e 4, 
rallel to F 2; then will e F d z, be a geometrical Square, inſcribed within the 
Wange a b c, as required. | 
| PR OB. V. Fig. V. Plate VI. | 
To inſcribe an equilateral Triangle, as a b e, in a geometrical Square, as e a d g. 
Operation, Draw the Dia od a g, which biſes in n. On a, with the Radius 
2 a, deſcribe the Circle c a > on gy, with the Radius g n, deſcribe the Arch 
bn . Draw right Lines from n to þ, and to /, which will interſe& the Sides of the 
Square c and d g, in the Points b and e. Draw the Line 6 e, and the Triangle 
iy e will be equilateral and inſcribed, as required. | 8 


P O B. VI. Fig. A D. Plate VI. , 

To inſcribe an equilateral Triangle, as b - g, within a regular Pentagon, as 

gl | abdih. 

Operation. Biſect any Side, as + i, in two, and ere& the Perpendicular 23 
alſo divide the Angle a h i, into two equal Parts, by the Line + =, cutting 6 2 
in 2, the Center of the Pentagon. On 3, with the Radius 5 , deſcribe the 
Arch x z c; divide the Arches x z and ⁊ c, each into two equal Parts, in the 
Points o and m, through which draw the Lines bo e and ô mg; alſo draw the 
Line e g, then will 3 e g be the equilateral Triangle inſcribed, as required. 


| ProB. VII. Fig. A. Plate VII. 
To inſcribe a regular Pentagon, as nd e h k, within an equilateral Triangle, as 
| | a i u. 

- Operation. Let fall the Perpendicular a &, on v; with the Radius v i, deſcribe 
the Arch i? 50, at pleaſure. Draw v p, perpendicular to v i, cutting the Arch 
it in p. Divide the Arch 7 þ into 5 equal Parts, and make p o equal to one 
Part, and draw the Lines ao and v o, Pitcdt vo in 1, and draw the Line IA, con- 
tinued to F; make v a equal to i f, and draw the Line a l, cutting the Line a 0 
in . Make + n equal to # %. Make n d and b e, each equal to # %, and then 
drawing the Lines d n, h e, and de, the Pentagon n de h vill be inſcribed with : ; 
in the Triangle i a v, as required. . i 


— 


U 
1 9 


| Pros. VIII. Fig. C. Plate VII. 5 
To inſcrile a geometrical Square, as c b h f, within a Pentagon, ats da eng. 
Operation. Draw the Line de and e at right Angles thereto. Make e 4 

equal to e d, and draw the Line a I, which will interſect e g, the Side of the 

: | Pentagon 


a . — -: —— —ͤ—ñ rney monks 
— 3 g 
* 


as required. 
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Pentagon in /. Draw 7 B parallel to g. On the Points J and ö, grect the 


Perpendiculars f and h c, meeting the Sides of the Pentagon a e and a d, in the 


Points c and 6. Draw c b, and c þ will be the geometrical Square iuſcribed, 


2 0 PR Oo b. IX. Fig. B. Plate VII. | 9 
To find the Sides of a Penta-Decagon, or regular en, of 15 Sidet, wwhich 
may be inſcribed in a given Circle, | | 
Let cab Vn be the given Circle. EI FE 0 
ations By PR OB. XXXII. Lecr, IV. inſeribe the equilateral Tri- 


angle ad g, and * 7. cab f n, ſo that one Angle of each Figure meeb. in 


the Point a: then or n d, be one third Part of F b, or nc; and as f 6, 


and n c, are each one fifth Part, therefore n d and f g are each one fifteenth Part, 


as required. 


Pros. X. Fig. G. Plate VII. 
To circumſeribe a Circle, as a ws e, about a geometrical Square, as 
abece. l 
Operation. Draw the Diagonals, and on the Center d, with the Radius 4 d, 


| deſcribe the Circle a b c e, as required. 


Pros. XI. Fig. E. Plate VII. 2 
To circumſcribe a geometrical Sguare, as a b c d, about a given Circle, as 
fi e. . 


| g 
Operation. Draw two Diameters at right Angles to each other gs and g. 
Through the Points fe, draw the Lines a þ and c d, parallel to g i; 


o through 
the Points g and i, draw the Lines a c and-b d. parallel to Fe, which will meet 
each other in the Points a bc d, and form the geometrical Square, circumſcribing 
the Circle, as required. ; 


POR. XII. F. F. Plate VII. 
To circumſcrile a Pentagon, at e b ae d, about a Circle, as x w h f g, and a 


Circle about a Pentagon. 


Operation. Firſt, by P OB. XXXII.-Lx cr. IV. deſcribe the Pentagon. 


eb ae d, within the given Circle, and biſect its Sides in the Points x w þ Fi to 
which, from the Center =, draw right Lines to meet the given Circle in the 


Points c Draw the Lines dc, cb, ba, ac, and e d, and they will form 


the circumſcribing Pentagon, as required. ; 
Secondly, Biſect any two Sides, as a 6 and bc in the Points þ and @v, from 


which draw two right Lines at right Angles to thoſe Sides, which will interſect 
each other in 2, the Center of the Pentagon, whereon with the Radius z @ de- 
ſcribe the circumſcribing Circle c þ a e d, as required. 


PR OB. XIII. Fig. C. Plate VI. 
| To inſcribe any Polygon within any Circle. 
Ler it be required to inſcribe the Septagon a 3 7 de f y. 
| Gunteralt RULE. * 
Draw the two Diameters = & and 7 c, at right Angles, dividing the Cirele 
into four Quadrants. Divide any of theſe Quadrants into the ſame Number of 
equal Parts as there are Sides in the given Polygon; then four of thoſe Parts will 
be the Side of the Polygon that may be-inſcribed, as required: ſo here the Arch 
z 7, being divided into 7 equal Parts, the Side 3 7 contains 4 Parts. | 


PR OB. XIV. Fig. D. Plate VII. 
To circumſeribe any regular Polygon, about another Polygon of the ſame Kind. 


a 


Lex it be required to circumſcribe the Hexagon ec ai x e, about the Hexagon 


dbmkh f. 
6. Operation. 


K ; N 9 * 2 a * * 6 | ö 5 
A 5 Of GEOMETRY. EE 
: | Operation. Draw the Diagonal Lines I, J B, m hn to which draw right Lines 


at right Angles, ec, ca, a and xe, which by their meeting in the Points e c @ 
Ji x, will conſtitute the circumſcribing Polygon, as bed, 3 0 


: | Pom W. Fig. Hi. ll 
To circumſcribe a Pentagon, as oc y 2, about a geometrical Square, as | 5 v w. 
Operation. Continue the Side w 5 towards d]; biſect 5 J in i, erect the Per- 
pendicular i þ on the Points w and v, with the Radius 5 i, deſcribe the Arches 
q = and t, at pleaſure. On the Point 5, with the Radius 5 i, deſeribe the 
Arch i d; which divide into 5 equal Parts, at the Points hg fe. Make the 
Angles i 5 a, and i / a, each equal to two Parts of i d. Make the Arches gr., 
and 57, each equal to one Part, and continue the Line wv r towards a andy ; 
alſo v ? towards m and x; alſo a 5 towards , and a/ towards p, which will 
interſect each other in the Points o and c. Make cy, and o , each equal to 
ac, GENIE 2 , which will complete the circumſcribing Pentagon o ac , as. . 
required. | | 2 
5 PR OB. XVI. Fig. I. Plate VII. = | 
To circumſcribe a Pentagon, asf a o r v, about an equilateral Triangle, as 


| a.k p. | 
\ Operation. On the angular Points a 4 þ with any Radius deſcribe Arches, as 
"qxo,lh f, and edb. Divide the Arch dc into 5 equal Parts. Make the Arch 
cb equal to four Parts of d c. Through the Point þ draw the Line aboat 
e Make the Arch ge equal to the Arch e, and pong e draw the 
ine a /, at pleaſure. Make the Arch 7 x o, and þ f, each equal to the Areh 
6 d, and from the Points 4 and p, through the Points F and ©, draw Right Lines 
both Ways at pleaſure ; which will meet the Lines @ o, and @ ½, in the Paints 
o and /. Make or, and F v, each equal to af, or ao, and join vr, then will 
Ja or v, be the circumſcribing Pentagon, as required. 4 


POB. XVII. Fig. Z, and A B. Plate VI. | 

To cirrumſcribe a geometrical Square, about any Scalenum, or 1ſofceles Triangle. 

Tuts may be done two Ways | : 

Ler e nb, Fig. Z, be a Scalenum Triangle given, : 0 . 

Operation I. Continue the Side en towards d, and through the angular Point 
b draw the right Line a c, parallel to ed. On e ere& the Perpendicular e a, 
to meet the Fine a c, in the Point a. Make & c, and e d, 2 equal to @ e, 
and draw c d, which will complete the circumſeribing geometrical Square, as 
required. oe 

8 II. Fig. A B. Draw ca through the angular Point à, and parallel to 
the Side n. From the Points and x let fall Perpendiculars to the Line ac. 
Make cm, and à b, each equal to c a, as required, which will complete the 
circumſcribing geometrical Square, as required. ; 3 


- LECT. VL 
Of proportional Lined. . ; 


PRO B. I. Fig. N. Plate VII. 
To find a mean proportional Line, between two given Lines. | 
Mean proportional Line, is that which being multiplied into itſelf, its Pro- 
duct is equal to the Product of the two given Lines multiplied into each 
other; or it is the Side of a geometrical Square, whoſe Area is equal to the 
2 of a Parallelogram, whoſe Length and Breadth is equal to the two given 
ines. | 
Ler dand g be the two given Lines. f . - 
Qperation. Draw a right Line, as 4 e, at pleaſure, make a þ equal to the _ 
Line r d, and 5c equal to the Line e. 3 a c in x, and deſcribe the mn , 
cir 
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circle * c; on b erect the Perpendicular 6 hb, which is the mean proportional Line 
require . ' » | 3 1 8 


m Pros. II. Fig. O. Plate VII. | 
To cut from a given Line, a Part that ſball le a mean Proportional between what 
| remains, and a Line propoſed, as the Line n. | 
Lr n be the given Line, and m the Line . er | 
Operation. Draw a right Line, as a g. at pleaſure ; make a e equal to the 
Line n, and e g equal to m. BiſcQta g in r, and on r deſcribe the Semi-circle 
42 *g and on e erect the Perpendicular e x. Biſęct eg in h, make h c equal to 
h x, then ce, the Part cut off from a e, equal to the given Line n, is a mean Pro- 
portional between c a, the Part remaining, and m, the Line propoſed. For 
making Ji, in Fig. Q, equal to a c, and i equal tom; and the Semi-circle 
451 being deſcribed, the Perpendicular i (which by the laſt Pzos. is a mean 


Proportional to the Lines 4 i, and i /) will be equal to c e, the Part cut off. 


| Pros. III. Fig. P. Plate VII. 
Two Lines being connected into one Line, and their mean Proportion ſeparate, 
being given, to find the Lengths of the given Lines, which are called Extremes. 
Ler a c be the given Extremes, connected together without Diſtinction, and 
the Line a, the mean Proportional. 5 
Operation. Biſect ac in 5; on 3 deſcribe the Semi- cirele a g c ; on c erect the 
Perpendicular ci, equal to the Line 4; draw i g parallel to a c, cutting the 
Semi- circle in g. Draw g h parallel to i c, which will divide ac in ; then are 


2 6, and 5 c, the two extreme Lines required; for by Pros. I. h g is a mean 


Proportional to @ 5 and 5 c, and is equal to the Line d alſo. 


PRO Rn. IV, ig. R. Slate VII. 
Two right Lines being given, to find a third Proportional. 
Lr L and m be two given Lines. | 
Operation. Make an Angle at pleaſure, as dn e. Make n J equal to l, and 
n þ and / à each equal to m, * draw the Line f +; alſo draw the Line ai, 


parallel to 5 /; then will a i be the third Proportional required. 


PRO B. V. Fig. S. Plate VII. rn 

The right Lines being given, to JR a fourth Proportional. 
IL ur the Lines 1, 2, 3, be three given Lines, and 'tis required to find a fourth, 
40 will be to 3, the third, exactly the ſame, as 2, the ſecond, is to the 
firſt. | | | { 
Operation. Make an Angle at pleaſure, as à g b, make g , equal to the Line 
1, and g i equal to the Line 2, and f n equal to the Line 3. Draw i , and 
arallel thereto, the Line = m ; then will i mn be the fourth Proportional required; 
Noe i m is to i g, the fame as n is to / g, and therefore m i is to n f, * the 

ſame as i g is to / g. | 

Note, This Problem is nothing more than the Golden Rule, or Rule of Three, geo- 

metrically performed.” * | 


Pros: VI. Fig. T. Plate VIL 2 
The Mean of three Preportionals, and the Y dee of the Extremes being given, 
. to find the Extremer. 95 | 
Lr & c be the mean Proportional, and g e the Difference of the Extremes, 
Operation. On e erect the Perpendicular e d, of Length equal to b c. Biſect 
te in 5; on , with the Radius » d, deſcribe the Semi- cirele & d a; and then 
£ e, and ea, are the Extremes required. 


ProB. 
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PRO R. VII. Fig. V. Plate VII. oo 

To find the Extremes b and f, having Hoy mean Proportionals, as the Lines 

oy : and h given. EA 

Ler the given Line g be equal to 8, hs, the Line & equal to 4. . 
Operation. Draw ac at pleaſure, and on à erect the Perpendicular @ 6, which 
make equal to 8 the given Line g. Make a c equal to twice a 6, and draw the 
Line 5 ce out at pleaſure. Draw e d ne to a'c, and of Length at 
pleaſure ; to which draw a parallel: Line, at the Diſtance of the given Line 6, 
which will cut the Line 6c in the Point e; from which Point draw the Line 
e d n parallel to a c, cutting the Line c din d; then the Lines à c, and c d, equal |, 
to the Lines 6 and F, are the two Extremes required; for à c equal to 1 6, and 
c d equal to 2, multiplicd into each other, produce 32, the ſame as 4 6, equal 
to 8, multiplied into de 4, equal to 32 allo, | a _ 

0 | 


| : Pros. VIII. Fig. V. Plate VII. | 
i To find the two Means g and h, having the tau I tremes b and f given. i 
Operation. Draw a c equal to the given Length of the Line &, ſuppoſe 1 6, 
and erect the Perpendiculars a 6, and ad. Make c d equal to the given Length 
of the Line , ſuppoſe 2. Make à 6 equal to half a c, and draw the Line 6 ce, 
of Length at pleaſure. Through the Point d draw the Line n e, parallel to 
4 c, cutting the Line 6 c in e; then 4 6 equal to the Line g, and de equal to 
the Line 4, are the two Means required. p 


| . Pros. IX. Fig. W. Plate VII. n 
To cut two Lines, cach into two Parts, fo as that the four Segmenis may be 


| eee 
LN Y and ꝙ be the two given Lines, | 
Operation. Make a right Angle at pleaſure, as az x. Make x x equal to 5, 
and a z equal to ; and draw the Line a x. Biſect « x in g, and on g deſcribe 
the Semi-circle x c x. From the Point cd draw the Line c 6, alle to 2 x, 
and c y parallel to a 2. Then will y be to y c, as y e is to c b, and y will 
be to c b, the ſameaschisto ba. - | 


P R O B. > 4 ; Fig. X. Plate VII. 


To divide a right Line into extreme and mean Proportion. 

Ler a 6 be the given Line. | ; | 
' A Lixt is faid to be divided into extreme and mean Proportion, when the 
Area produced by the whole Line multiplied into one of its Parts, is equal to 
the Area produced by the other Part multiplicd into itſelf. 

Operation. Erect the Perpendicular à d, und produce it towards c. Make a e 
equal to half a 5. Make cd equal to c , and @ e equal to @ d; then will 
the Line à 6 be divided at e, in extreme and mean Froportion, as required. 

Demonſtration. Complete the Parallelogram c / a 5, and draw the Diagonal c a. 
Make & h equal to & e, and draw h g parallel to 6 4 alſo from e draw e f pa- 

"rallel to c 6, Now the Parallelogram } g a, whoſe Length is equal to a 6 the 
given Line, and Breadth +6 to , one oi the Parts of the given Line, is equal 
to the geometrical Square d f ae, whoſe Sides are each equal to e a, the other 

Part of the given Line. For as the Diagonal c a, divides the Parallelogram 
cd ab, into two equal Parts, and as the oppoſite Triangles, on each Side the 
Diagonal, are each equal to its oppoſite, therefore the Parallelogram muſt 
be equal to the geometrical Square eh; and therefore, if to the Paralfc ogram 
e g, we add the Parallelogram g /, which together make the geometrical Square 
d f a e, it will be equal to the Parallelogram g Y a b, which is the geometrical 
Square e h, added to the Parallelogram g e; becauſe in both theſe Equalities, tile 
Parallelogram g e is common, as well to the Parallelogram g 7, as to the geo- 
metrical Square e 5. 8 | 

| Fs ox Prov 


the Square required. 
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POB. XI. Fig, V. Plate VII. f 
g To divide a given Line in any Ratio or Proportion required. . 
Lr i a be a given Line to be divided according to the Proportion of the given 


Lines 4 / m n. 


Operation. From one End of the given Line, as a, draw a right Line, as a e, 
making any Angle at 2 And thereon make @ 6 equal to 4, 6 c equal 
to /, c c equal to m, a e equal to u, and draw the Line e i. From the Points 
d c b, draw the Lines d b, g, and 6 f, parallel to e i, which will divide the given 
Line i a, as required. | > 

Pros. XII. Fig. Z. Plate VII. 


55 To make upon a given right Line, two Parallclograms that ſball be in any given 


| Ratio, or Proportion to another. | 
Leer 6 a be the given Line, upon which 'tis required to make two Parallelo- 
grams, which ſhall be to one another as the Line to the Line z. ON 
Operation. From the Point 5, draw the Line 6 d, making any Angle at plea- 
ſure, and thercon make cb equal to the Line x, and cd equal to the Line x, 


and draw the Line a 4, alſo draw c e parallel to a d; then will the Parts 6 e, 


and e a, the Parts of the given Line, be to each other, as the Line x is to the 
Line z; and Parallelograms made thereon of any equal Heights, as + f, e a, and 
4 NM be, will be to one another, as the given Line is to the Line z. 


Pros. XIII. Fig. AB. Plate VII. 


The Difference hetæueen the Side and Diagonal of & geometrical Square being given, to 


\ | nd the Side of the Square. 

LIT $a be the given Difference. | : . 
ExecrT the Perpendicular 5 c equal to the Difference & a, and draw the Line 
a c, continued towards d. make c d equal toc 6b; then will a d be the Side of 


ProB. XIV. Fig. I. Plate VIII. 
| Do cut from a Line any Part required. | 
*T1s required to cut off two ninth Parts of the given Line b c. 
Operation, Make an Angle as e @ h, at pleaſure, and on any Side thereof, as 


on à e, ſet off nine any equal Parts, as from à to d, make @ h equal to 6 c, and 


draw the Line 4h; alſo at two Parts from the Point d draw the Line g, parallel 
to d b, then will g þ be equal to two ninth Parts of a 4 (which is equal to 5 c), 


as required. .. | 
PR OB. XV. Fig. IT. Plate VIII. 
From a given Point without a Circle at e, to draw a Chord Line as i n, in a given 
Circle, that ſball be equal to a given Line, as a b. | 
ation, Aſſume any Point in the Circumference as g, and thereon with the 
Leng'h of the given Line a 5, make the Section 1, and from g through / draw 
the Lies 2 lo, of Length at pleaſure. On the Center c with the Radius ee de- 
ſcribe the Arch e p, on the Point e with the Radius p g, deſcribe the Arch m 4, 
eutting the Circle in n and d. Draw the Lines de — e n, cutting the Circle in 
hand: ; then will either of the Lines d, or n i, be a Chord Line equal to the given 
Line a8, as required. | of 
Pa os. XVI. Fig. IV. Plate VIII. | 
To deſcribe a Part or Portion of a Circle, capable of containing an Angle equal to an 
| Angle given, upon a given Line. | | 
Lr g be the given Angle, and f e the given Line. 5 
Operation. Make the Angle Fei equal to the given Angle g; ate on the 
Line i 5 ere& the Perpendicular e b, biſect the Line e f in g, and erect the Per- 
pendicular g d, einting the Line be in d; whereon with the Radius 4 e, deſcribe + 
the Portion of a Circle h a e, then all the Angles that can be made in this Segment, 
as ec f, fac, Wc. will be equal to the given Angle g B . | | 


Pros. ' 


* 


BW . 
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| | Pros. XVII. Fig. III. Plate VIII. A 
To cut off A Segment of @ Circle, capable of containing an Angle equal to an Angle 


iven, 
Ler dc ba be a given Circle, eas which a Part is to be taken, that ſhall con- 
_ tain the given Angle gp f. ; 2 | 
Fee Draw the Semi-diameter g e, and Tangent Line þ e, make the Angle 
deb equal to the given Angle Je hb _— the Circle in d. Then is db c ae, 
n 


the Segment required, and all es m 
equal to the given Angle 9 5 ,, as required. 
| To deſcribe a ſpiral Line, at any given Diſtance. 
Lr a6 be the given Diſtance, _. 
Operation, Firlt draw a right Line, as % B, at pleaſure, and aſſume a Point 
therein, as d, at pleaſure. Make e and de each ual to half n b, and on 4 
deſcribe the Semi- circle c e, on the Point c deſcribe the Semi-circle e /, and on 


therein, as de e, dbe, Oe. will be 


d the Semi- cirele F i; again, on the Point c deſcribe the Semi- cirele ig, and on 4 + 


the Semi- eirele g 4. In like manner on the Points e and d deſcribe as many other 
Revolutions as may be required. Secondly, ſpiral Lines may be deſcribed con- 
centriek to each other, as in Fig. p h, next below Fig. VI. as follows. 
LzTg r be the given Diſtance. a 8 | 
Operation. Draw a right Line, as p h, and therein aſſume two Points, as a and 


6, whoſe Diſtance muſt be equal to the given Diſtance 97; on the Point a deſcribe 
= the Semi- circles @ c, and i d; then on the Point a 
deſeribe the Semi- cireles c and d /, and on the Point 6 the Semi- circles & e, 


the Semi- cirele & i, and on 


and 41 Proceed in like manner, as in the laſt Problem, to make as many other 


Revolutions as may be required. 


Pa Os. XIX. Fig. V. Plate VIII. 
b | To _—_ an Artinatural Line. 
Operation. Flrſt trace by Hand the ſeveral Curvatures or Turnings at pleaſure, 
which divide into as many Parts as ſeem each to be the Segment of a Circle, as 
ec a, h g, Oc. This done, in each Arch aſſume 3 Points, as e c a, and n + g. 


and then by Pros. XIX. Lrcr. III. find the Centers F and m, and deſeribe 


the Curves e c a, and n { þ g. In the like manner proceed throughout the 


whole, to deſcribe all the various Meanders remaining, which will appear with 


the utmoſt Beauty. | 
SERPENTINE Rivers, and Walks t ugh Wilderneſſes, Nc. being laid out 
in this Manner, are the neareſt to Nature, and the moſt agreeable of all others. 


PART III. Of ArcniTECTURE. 


LECTURE I. 
= Of the Deſcription and Conſtruftion of Moldings. © 3 
HE ſeveral 6 of which the five Orders are compoſed, 
'T are of three Kinds, viz. ſquare, circular, and compound. 
Firft, Square Members are Plinths, Fillets, Dados, Cinctures, Annulets, Aba - 
cuſes, Faſcias, and Tenias of Architraves, Freezes, Denticules, Dentuls, 
and Regulas. 
Secondly, Cale Members are Beads, Toruſes, Aſtragals, Ovolos,  Cavettos, 
and Apophyges. | 5 | | 


Thiidly, Compound Members are. thoſe which are compoſed of two or more 


\ rches, as Scotias, Cyma Rectas, Cyma Reverſas, Plancers of Modillions, 


Oc. As ſquare Members are nothing more than Parallelograms, I need 2 
. 7 
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98 Of ARCHITECTURE. 
fay any Thing of their Conſtructions, and therefore I ſhall proceed to ſingle 
and compound Moldings, and give the Etymology of ſquare Members as 
they come in their Order. - 
Pa OB. I. Fig. B. Plate VIII. 
To deſeribe a Torus. 
Lr w x be the given Height. | 5 
Operation, Draw x r at pleaſure, and the Line wv parallel thereto, at the Di- 
ſtance of the given Height; in any Part, as at n, ere& the Perpendicular n a, 
make n c of 0a half the given Height, and on c, with the Radius = c, deſcribe 
the Torus required. | 

Tris Member is called a Torus from the Greel Toros, a Cable, which its 
Swelling reſembles, or rather from the Latin Torus, a Bed, or Cuſhion, becaule it 
ſeems to ſwell by the impoſed Weight. It is generally placed on a Zocolo or 
Plinth, D, which is fo called, from Plinthos, a ano Brick or Tahle, placed the 
very lowermoſt of all, to preſerve the Foot of the Column from rotting ; for ori- 
ginally Columns were made of the Tapering Bodies of 'I'rees, 

| PAO B. II. Fig. C. Plate VIII. 
To defſerite an Aftragal with its Fillet. 

Ler d f be the given Height, 

Operation. Draw f 2 at pleaſure, and in any Part, as at /, ere& the Perpen- 
dicular F d, equal to the given Height {4 which divide in 3 equal Parts at 
and a, through the Points 4 a e, draw the Lines-d @v, ac, and e x, parallel to f x; 
make / h and / g each equal toe fo On a deſcribe the Semi-circle de, and on g 
the Quadrant #4, which will complete the Aſtragal, as required. | 

Tuis Member is called an Aſtragal from the Greek Aftragalos, the Bone (or 
more properly the Curvature) of the Heel, and for which Reaſon the French call 
it Talon, either of which I think is very proper, when employed in a Pedeſtal or 
Baſe of a Column, but not when . on the, Shaft of a Column, when it does 


the Office of a Collar, and is therefore by many called Collarino. 


: Pros. III. Fig. O. Plate VIII. 
i To deſeribe the Apophyges of a Pilaſter or Column. 1 
Tux Apophyges of a Column or Pilaſter is that curved Part of the Shaft, which 
riſes or flies from the Cincture, and ends in the Upright of the Shaft, as the Arch 
6 d; it is alſo by ſome Maſters uſed at the lower Part of the Corinthian Freeze, 


and of the Dado of a Pedeſtal. This Member takes its Name from the Greek 


Word *ATePvyn, becauſe in that Part the Column ſeems to emerge and fly from 
its Baſe. In the 7. Order, this Member is nothing more than a Quadrant, 
as h a, Fig. B, whoſe Height is equal to its Projection, but in all other Orders it 
is not ſo, and is thus deſeribed. | 

Operation, Divide the Projection of the Cincture ed, Fig. O, before the Upright 
of the Column into 5 equal Parts, make its Height e & equal to ſix of thoſe Parts; 
draw a 6 parallel to e d, alſo draw & d, which biſe& in g, whereon ere& the Per- 
ae g a, cutting b à in az on a deſcribe the Arch ò d, the Apophyges 
required. 

Note, The fame Rule is to be obſerved in deſcribing the Hollow under the Fillet 
of the Collarino, at the Top of a Shaft of a Column in every of the Orders. 

Px — * V. Fig. F and G. Plate VIII. 4 
8 Do deſcibe an Ovolo of any given Height, | 

Luer ac, Fig. F, be the given Hage ts . : 

Operation. Firff, draw c d at pleaſure, on any Point, as e, ere& the Perpen- 
Cicular e @ equal to the given Height, through the Point à draw b e, parallel to 
d c, "= a, with the Radius @ c deſcribe the Arch e ; which is the Ovolo re- 
quired. OD | 

Secondly, Let b c, Fig. G, be the given Height. | - - 

ation. Divide the given Height into 4 equal Parts, and give of thoſe Parts 


—— 0 
to the Projection. Draw the Lines 3 c, which biſect in d, on which erect the 


Perpendicular & a, on a deſcribe the Arch c 3, which is the Ovolo required. 
6 4 | Tuns 


cler :- 
TH1s Member is called an Ovelo, from the Latin Ovem, an Egg, which *tis 
generally carved into, intermixed with Darts. and other Devices, ſymbolizing 
| | Shang Se. It is alſo called Erhinos, or Echinus, from the Greek, as being ſome- 
» thing like the thorny Huſk of.a Cheſnut, which being opened, diſcovers a Kind 
of Oval Kernel, ſomething dented a little at the Top, which the Latins call De- 
cacuminata Ova, and Workmen Quatter Round. | 
Pe. I remeinber, that, in the laſt Problem, you was ſpeaking of the Apophyges taking 
11 Riſe from the Cindture; pray what is a Cinfure ? | 
M. A Cincture is the firſt Part of a Shaft of a Column, as à d, in Fig. B, 
Plate VIII. which always is placed on the Baſe of every Column, and anciently 
was nothing more than a broad Iron Ferril or Hoop, to conſine and ſtrengthen 
the lowermolt Part of the Shaft, which the /zalians call Liflelic, or Girdle, The 
Shaft of a Column is that round plaiu Part, which is contained between the Baſe 
and the Capital, of which I ſhall give you a more full Account, when I come to 
treat of the Parts of an Order. It is alſo called Fu? from the Latin Fuftts, a Club 
Vitruvius calls it 1 and by ſome Maſters tis called Vivo, Fige, and Trunk. 
K Oo B. V. Fig, Dand E. Plate VIII. . 
To deſcrile a Cavetio of any given Height. 
Lr ac, Fig. D, be the given Height. | mY 
- Operation. - Firſt, Draw e F at pleaſure, and in any Part thereof, as at c, ere& 
\ the Perpendicular c a, equal to the given Height, and through the Point a draw 
the Line 6 f, parallel to ef; make c e equal toc a, and on e with the Diſtance 
e c, deſcribe the Cavetto 5 c, as required, 3 74 
Note, If *tis required to make a Fillet on the Cavetto, as 6 x, then the ob 
Height muſt be divided into 4 equal Parts, and the Fillet made equal to one Part. 
The Projection of its under Part c d is equal to one 8th of the whole Height, 
which is half of Y d, or of one Part. 

Tris Member is called Caveito, from the Latin Cavus, a Hollow and Work- 
men call this Member a Hollow alſo, though I believe not with Reſpect to the 
Latin, but becauſe it is a real Hollow ; and as an Oyolo is generally made a Qua» 

drant, they therefore call that Member a Quarter Round. | 
| To deſcribe a Caveito a ſecand Way, 

Secondly, Let h, Fig. E, be the given Height. | 

Operation. Divide Y into 5 equal Parts, and give the upper 1 to the Fillet, 

make the Projection 1, 3, equal to 4 Parts, and y n equal to 1 Part, and draw 
the Line @ n parallel to hy; continue y out at-pleaſure, and draw the Line 
3 x n, which biſect in x, and thereon erect the perpendicular x p. On p deſcribe 
the Cavetto = 3, as required. | | 
PR O B. VI. Fig. H. Plate VIII. 
9 To d:ſcribe a Bed. Moliling of any Height required. 
Ler a „be the given Height. | | 
Operation. Divide the given Height into 8 equal Parts, give 3 to the Cavetto, 
1 to the Fillet, and four to the Ovolo, and then by Problems IV. and V. deſcribe 
their Curves, as required. - | f 6259 
| Pros. VII. Fig. I. Plate VIII. 
To deſeribea Cymatium of any given Height, ©" 

Lor a g be the given Height. „„ 

Operation, Divide the given Height into 4 equal Parts, as at 4 5, and give the 

upper 1 to the Height of the Regula. Draw right Lines from the Points 4, 3, 
and 5, at right Angles to the Line 4 %, of Length at pleaſure, and draw a g at 
any Diſtance from 4 h, and parallel thereto make ne equal to 7 and draw 
the Line cg, which biſect in e, on ec, and e g, make the equilateral Sections 4 
and f, whereon deſcribe the Arches c e and e g, which completes the Cymatium, 
as required, 1 go. 

Tuis Member with its Regula is called a Cymatium, from the Greek KupaTor, 
 Undula, a rolling Wave, which it reſembles, or Nymation, a Wave. Vitruvius A* 
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_ fame Opening, deſcribe the Arches bf, and / d, which will complete the wh 
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it E r 7 2 he 22 = e oo Geule, 2 mon” But 2 
we of this Molding fingly, without its Regula or Fillet, we it a | 
Rees, and Workmen of <A = — 
| Inverſe, which they call a Back Oger. 
. PAO R. VIII. Fig. K. Plate VIII. 
: To deſcribe a Cyma inverſa, as ber, of any given Height. 

Operation. Draw the Line r, at pleaſure, in Part, as at r, ere& the Perpen- 
dicular r equal to the oo Height, which divide into 4 equal Parts, and give the 
upper i to the Fillet, rough the Points à and b draw right Lines, as d 6, and 
ca, parallel to nr, and of Length at pleaſure. Make a c equal to ar, divide 
e a in 6 equal Parts, and make , and e c, each equal to one of thoſe Parts; 

the Line eg, which biſe& in g, on the Points n g, and ge; make equila- 


teral Sections, and deſcribe the Arches eg, and g #, which completes the Cy 


Fnverſa, as required. ; . 
1 * OW L. Plate VIII. i 
To deſcribe a ſin ornice of any given Height. 
Lr a6 be the given Height. of 4 Sig 
Operation. Firſt, divide t 
1 to the Cyma Inverſa /; one third of the ſecond to the Fillet e, and the upper 
1 to the Regula c and the remaining two Parts and 3, to the Cyma Recta 4. 


Secondly, by Pxos. VII. and VIII. defcribe the Curves of the two Cymas, and 


the Cornice will be completed, as required. 
Note, That the Projection of the Cyma Recta, and of the Cyma Inverſa, which 
is alſo called Cyma Rever/a, is always equal to their own Height. 
| 5 ee Fig. e Plate u I 
| o divide an tion to any given Height. 
Lr x be the given Height. | 1 5 | 
Operation. Divide the given Height into 8 equal Parts, give the upper one. 
to u, the Height of the Fillet, the next fix to 3 v, the Height of the 3 
and the lower one to v , the Margin of the Denticule. | 
To proportion the Breadths of the Dentuls and Intervals between them, make 
v equal tos v, and dividing vg into 3 equal Parts, give two to the Breadth 
of a Dentul, and one to its Interval, which is called Metocbhe, which with two Pair 
of Compaſſes, the one opened to the Breadth of a Dentul, and the other to the 
Breadth of an Interval, Te off thoſe Diſtances reciprocally throughout the whole 
Length of your Molding. | | 
IF it is required to make Eye-Dentuls in the Intervals, as A A, divide the 
Height of the Dentul into 5 equal Parts, and give the upper one to the Height 
of the Eye-Dentul. 


Note, This Ornament is generally begun at the projectin Ang over an 
angular Column, with the Form of a Pine-Apple; or rather, the Cone of a 


Pine-Tree, as at I g, which is thus deſcribed. | 
Maxx its Breadth = , equal to the Breadth of a Dentul, which divide in 


py a Parts; make 4 g equal to n x, and draw 2g; make nd, 2 b, each 
+ equal to half ns and draw d, which biſect in e. On e, with the Radius 


ed, deſcribe the Semi -Circle dz ö. On the Points df; and 5 f, with the Ra- 
dius f d, deſcribe the dotted Sections next above the Line d 6, on which, with the 
E 


„ as 


required. 8 
urs Ornaments are called Dentuls, from Dentelli, Teeth, which they repre- 
_ The Denticulus is that flat or ſquare Member, on which the Dentuls are 
placed. | | | 
PRO B. XI. Fig. 14, next under Fig. A B, aforeſaid Plate VIII. 
To proportion and deſcribe an Ienicl Modillion, of any given Height required. 
Lr à 6 be the given Height. | EE | 
Operation, Divide the Height into 8 equal Parts, as 9, give the upper 
2 to the Height of the Cyma Inverſa, with its Fillet, and the next 5 k _ 
e 


entimes call it a Fore Ogee, to diſtinguiſh it from Cyma 


—— 


e given Height into 5 equal Parts, give the lower 


n 


in Profile, equal to 6 of thoſe Parts. Divide the Proje 
Profile into 6 equal Parts, at the Points 1, 2, 3, 4,5. Through the Points 2 


and on i the Arch m », which completes the Scotia, as required. 
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Depth of the Modillion. Draw d c, for the Side of a Front Modillion, make c e 
equal to c d, and f equal to d e, then is d /, the Breadth of the Modillion in 
Front. Divide 4 f in 4 equal Parts; make f / the Projection of the Modillion 

Ven of the Modillion in 


and 5, draw the Lines o m, and 5 7, parallel to f p. Make 5 7 equal to two 
Parts and half, and 2 0 equal to one Part: Alſo make o m equal ta 5 7, and draw 


the Line met. On the Points u and z, with the Radius 7 5, deſcribe tbe 


Arches 5 7, and 7 5; alſo on 2, with the Radius 2 f, deſcribe the Arch 1-0, 
which will complete the Modillion, as required, | | 


Tais Member is calted Modiltion, from the /talian Modiglioni, a plain Support 
to the Corona of the Corinthian and Compoſite Cornice, to which they only be- 


long, although now falſely introduced into the Ionick ! 
| Pon. XII. Fig. N and M. Plate VIII. 
To deſeribe Scotias of any given Height, 

Firſt. Let a g., Fig. M, be the given Height 3 

Operation. Draw the Line Fg, and on any Part thereof, as at g, erect the Per- 
pendicular g 4 equal to the given Height, and through the Point a draw the Line. 
4 K, rale to g/. Divide a g in 3 equal Parts, at the Points d x, and through 
the Point d draw the Line c sf parallel to a x. Make de equal to d 4. On 


* 


the Point d deſcribe the Quadrant à c; and on the Point e the Quadrant «c f, : 


which together form the Curve of the Scotia, as required, 7, 
 Tx1s Member is called Scotia, from the Greet Exorua, Shotos, Darkneſs, which 
the _ Part cauſes by its Frojecture. Tis alſo, by ſome, called Trochilus, from 
the Greet Trocbilos, Teorw, or Tgoxa, a Rundle or Pully, whoſe hollow Part 
within the Rope-works hath ſome Reſemblance of this Member; and with re- 
ſpc& to its Darkneſs, tis by many, though improperly, called a Cavetto. The 
. call it Baftone. This kind of Scotia is adapted to the Attick Baſe. 
Secondly, Let a d. Fig. N, be the given Height. 7 
Operation. Draw the Lines &'a and n d, parallel to each other, at the Diſtance | 
of a d, and draw @ d at right Angles thereto, Divide à d in 7 equal Parts, and 
through c, the third Part down, draw h c, parallel toa #, Make c h, and d n, 
each equal to a c and draw i % n, parallel to a d. Make h i equal to &' ny and 
from i through c, draw the Line ic m. On the Point e deſcribe the Arch @ . 


* =. 9 
1 


Pace KH.. 1 


DTbe Diameter, or Breadth of a Door, or Window, being given, lo. find the Breadth of 


an Architrave, that will be proportianable thereto. 


A General Rur. e 
 Divivs the Diameter, or given Breadth, into 6 equal Parts, and take one for 
the Breadth of the Architrave required; and that you may alſo know how to di- 
vide the Architrave into its 2 Members, I have given you in Plate VIII. and 

IX. thirty and one kinds of Architraves, of which thoſe marked A BCD EF, 
are Tuſcan; GHIKLMNO, are Dorick; PQRS T V, are Ionick; W 
XYZ, AB, A C, are Corinthian; and A D, A E, AF, A G, and A H, are 
Compoſite, which in general have the Heights of their ſeveral Members propor- 


tioned by equal Parts. As for Example. In Fig. A, the Height or Breadth of 


that Architrave is divided into ro equal Parts, of which the upper 2 and is the 


i 1 of the Tenia a, and the Remainder is the great Faſeia, with its Hollow. 


In Fig. D, the Height is divided into fix equal Parts, of which the upper 1 is the 

Height of the Tenia ; the lower 2 the 1 of the ſmall Faſcia r, and the other 

3 is the Height of the great Faſcia l. In the ſame manner you are to underſtand * 

all the oth es ; and as the principal Parts into which the Height of every Example 

is divided, are ſignified by the equal Diviſions and Figures againſt them; and as 

the Manner of deſcribing all the Moldings of which they are compoſed has been 

already taught, to ſay any thing further on the manner of deſeribing them is 
N | 7 5 needleſs; 


* 
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needleſs ; 2s indeed is what | have already ſaid, the whole being To very plain, as 
to be underſtood by the meaneſt Capacity, at the firſt Vier. 


\ L E C Ts II. 5 : ' 
Of the making of Stales of equal Parts, for the delineating of Plans and Elevations 
on of Buildings. hee, Na F 
IE neceſſary Scales for our Purpoſes, are thoſe repreſenting, firſt, Feet; ſe- 
, condly, Feet and Inches; thirdly, Modules and Minutes; and fourthly, Chains 
and. Links. Thoſe of Feet, and Feet and Inches, are uſed in the makin 
1 and Uprights, or geometrical Elevations of Buildings. Thoſe of Modules 
nd Minutes are for proportioning of the ſeveral Members of the five Orders 
of Columns in Architecture; and thoſe of Chains and Links are for makin 
Surveys of Lands, as Farms, Parks, Oc. whoſe ſeveral Uſes will be fully illuſtrat 
In their proper Places. | | | 
PA o B. I. Fig. 8 Plate | 6. 
WE To male a Scale of Feet, 
ation. Make a Parallel at pleaſure, as a d me; open your Compaſſes 
to any ſmall Diſtance, and ſet off 10 equal Parts, from m to x b ; alſo make x 8, 
and þ e, Cc. each equal tomxbc; then will the Line m e be a Scale of equal 
Parts, which may repreſent Inches, Feet, Yards, Oc. and which muſt be thus 
numbered, via. As x & is equal to the 10 Parts between m x, therefore at 6 
e the Number 10, at e the Number 20, C. being ſo many Parts from x. 
o take off any Number of Feet, leſs than 10, ſet one Foot of your Compaſſes 
on x, and extend the other to the Number of Feet required. | . ; 
+ © To take off any Number of Fee: more than 10, ſet one Foot of your Com- 
| in i, and extend the other to the Number of odd Feet that is contained in 
the given Length more than 10. Suppoſe 17 was, the given Length: extend 
your Compaſſes from & to 7 Parts beyond x towards m, which is 17 Feet, as re- 
quired ; and fo the like of any other Number of Feet, more than 10, 20, &c. 

To make a Variety of Scales of equal Parts, which it is neceſſary to have, as 
ſome Works' require a lefſer or a greater Scale than others; therefore, if from 
the 10 equal Parts, in m x, you draw right Lines unto the Point a, and afterwards 
draw right Lines parallel to m e, at any Diſtances, as fr, g 9, hp, i o, In, and / m, 
you will have made other Scales of equal Parts, of various Sizes,' which may fit 

all Purpoſes required. kh | 5 

Px Os. II. To make a Scale of Feet and Inche:. Fig. VI. Plate IX. 

Operation. Make a Parallelogram, as a þ c d, ſet off 12 ſmall equal Parts, from 
c to e, repreſenting the Inches in a Foot; make e 10, 10 20, 20 30, £9. each 
equal to the 12 Parts, then is your Scale of Feet and Inches completed; for 
10, 10 20, are Feet, and the Parts in ce, are Inches. To take off a Len 
of Feet and Inches, is the fame here, as before in the Feet: ſo the Diſtance 
of 3 10, is 15 Inches, of 6 10, is 18 Inches, of 9 10, 21 Inches. Scales of 
Feet and Inches are alſo made on two-foot Rules, as Fig. II. in manner follow- 


3 | 
* a Parallelogram, as ca z b, at pleaſure, and let the Diſtance of z f be 
made to repreſent one Foot. Make / 15 3 1, and 1 6, on the Lines ;, each 
equal to a /; that is, each equal to one Foot. Draw f , parallel to c z. Biſect 
e 1 in e, and draw the Lines e 2, and ef Divide g / in 6 Parts, at, the Points 
241 5 f. and draw right Lines through them, parallel to z 5, and then is the 
Scale completed; and the Diſtance of = /, which is the given Foot, is divided 
into 12 Inches, viz. The Diſtance of g 1, is one Inch; + 2, two Inches; i 3, 
three Inches; & 4, four Inches; 1 5, five Inches; g 6, fix Inches; / 7, ſeven 
Inches; 1 8, eight Inches; i 9, nine Inches; + 10, ten Inches; g 11, eleven 
Inches; and F x, one Foot, as before. 

Tus kind of Scales may be made either bigger or leſs, at pleaſure, in 


the 
very 


i a0 os of - 
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very ſame manner, as may be ſeen at the End @ 6, where the Foot is made but 
half the aforeſaid, | 5 i N 
i Pao. III. Fig. IV. Plate IX. 5 

« To make a Scale of Chains and Links, por the plotting of Lands, &c. _ 
Operation. Make a Parallelogram, as a v þ wv, and let the Diftance 6 e repre- 
ſent one Chain, which is equal to four Statute Poles, each 16 Feet and half, 

or to 66 Feet. Make e d equal to e , then de is one Chain alſo. Divide a 6 
into 10 equal Parts, and through them draw right Lines parallel to 5 w. Divide 


a f, and b e, each into 10 Parts, and draw the diagonal Lines F 10, 5 20, Cr. 
then your Scale is completed; and the Diſtance of 1 # is one Link; 2 % wo 


Links; m, three Links; 4 m, four Links; 14 u, fourteen Links ; 19 5 nine- 
teen Links; 20 e, twenty Links, Cc. to which, one or more 9 may 
be added, as occaſion ws jr At the right Hand End, the Paralſelogram 
tg wv is agother diagonal Scale of Chains and Links, made to half the Magni- 
tude of the aforeſaid, _ _ J J 8 
5 in ib PAD. DAN: he. SH, Pla IK or ts 
To male @ Scale of Minuter, or to vide the Diameter or Medule of a Column nyo 

Divide the Length of the Diameter into 10 equal Parts, as at the 


” We - * 


Points 6, 12, 18, Cc. on its Ends erect Perpendiculars, whereon ſet up any 6 


equal Parts, and draw right Lines to the given Diameter, which will 
complete a Parallelogram, as Fig. III. whoſe upper Side muſt be divided into 20 
equal Parts, as the given Diameter, as at the Points 6, 12, 18, Sc. This done, 


draw the diagonal Lanes, 6, 1; 12, 63; 18, 12; which will complete the whole; 


c. are the Minutes required, 
To male divers Scales « W 5 Legeh Radins wank. 

| o me cales of of any th or "required. | 
LIT, at the left Angle of Plate 1. be a giyen Scale of Chords, divided as 

before taught. ' | 2 - 

Operation, - Ere& the Perpendicular c a, of Length at pleaſure, and draw the 
Hypothenuſal Line ac. At any Diſtances from c, draw divers right Lines pa- 
el to ec, as dd, ee, c. Draw right Lines from the ſeveral Degrees in c c, 


and the Diſtances taken from the left Hand, perpendicular to the Points I, 2, 3, 4, 


unto the Point a, and they will divide all the intermediate parallel Lines d d, e e, 
Ge. in the ſame Proportion as the given Line of Chords e c, and conſequentiy 


cach of them will be a Line of Chords, as required. 


"nie. 93 « er. III. N . 
/ the principal Parts of an Order, and of the Orders in general. 1282 
N 2 Ox px conſiſts * principal Parts, viz. a Pedeſtal, a Column, 
and an Entablature. en 3 * 
A Pepxsrar is the firſt or lowermoſt Part of an entire Order, as e H, Fig. I. 
Plate XIX. which conſiſts of three principal Parts, viz. g h its Baſe, g f its Dado, 
or Die, and /e its Cornice. Its Name comes from the Greek Stylobates, the Baſe 
of a Column; *tis alſo called Stereobate, or $/y/obate : but, as Mr. Evelyn in his 
Parallel obſerves, our Pedeſtal is Vox Hybrida (a very Mungrel), not à Stylo, as 
ſome imagine, but à Stands. 4538 2h | =— 
A Corvumn is the ſecond principal Part of an entire Order, as 6 e, Fig. I. Plate 
XIX. which conſiſts of three principal Parts, alſo, viz. its Baie d e, its Shaft c d, 
and its Capital þ c. The Baſe receives its Name from the Greet Verb Bair, 
importing the Suftent or Feet of a Thing; and the Capital from the Latin, Capi. 
tellum, the Head or Top. The Architrave is called by the Greets, Epiſiileum's 
that is to ſay, Epi Gor and Stylos a Column, which, from a mungrel Compound 


of two Languages 


ther from Arcus, Chief, and Trabt, a Beam, we call Architrave. The Freeze 
takes its Name either from the Greet . Zophorus, importing the imagi- 
5 2 nary 


Aęvv) Trabs, as much as to ſay, the principal Beam, or ra- 


* / ? 4 
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nary Circle of the Zodiack, depicted with its 12 Signs, or is derived either from 
the Latin Phrygio, a Border, or from the Italian Phrygio, an embroidered or 
_ fringed Belt. The Cornice receives its Name from the ; ly Coronis, a Crown- 
ing, from whenee its Faſcia is called Corona, alſo called Supercilium, or rather 
$llidium, the Drip / Corona elucolata Vite], and with more Reaſon tis called by 
the French, Larmier. The Halians call it Gocciolatoio, and Yentale, from its pro- 
tecting the Building both from Water and Wind; and for which Reaſon the Latins 
call it Mentum, a Chin, becauſe its Projection carries off the Rains from the ' 
lower Part of the Entablature, as the Prominency of that Part in Men's Faces pre- 
vents the Sweat of the Face from trickling into the Neck. Fo 
Ax EnTaBLaTURE, from the Latin, Tabula/um, a Cieling, and by ſome 
called Ornament, is the third, and uppermoſt Part of an entire Order, as @ 6, 
which likewiſe conſiſts of three principal Parts, namely, its Architrave, Freeze, 
and Cornice. | | 
Tat principal Parts of Pedeſtals, Columns, and Entablatures, are ſubdivided 
and proportioned in ſuch manners, that the Reſults of their Compoſitions ſhall 
give ſuch Uſcfulneſs, Grace and Beauty, that are agreeable to the Order they 
are made to repreſent. | | 
Put Orders in Architecture were * but three, viz. Dorick, Ionick, 
and Corinthian, invented by the ancient war fy th which two more have been 
fince added, called Tuſcan and Compoſite. | 4-374 15 
Tur Tuscax Oapzx, for its being the moſt robuſt and maſculine, is there- 
= ON before the Dorick, and the Rear of the whole is brought up with the 
 Compolite. - | IP : | 
Tix Tuscan Orvex is ſo called, from the Afiatick Lydians, who are ſaid 
to have firſt peopled /aly, and raifed Buildings thereof, in that Part called 
Tuſcany, This, Order, for its Simplicity, or native Plainneſs, when well per- 
formed, and employed at the Entrances of Cities, Magazines, and other Build- 
ings of Strength, is not in the leaſt inferior to any of the other Orders. The. 
general Proportions of this Order are as follow, viz. The Height of the Pedeftal 
18 one fifth of the whole, its Column 7 Diameters, and the Entablature one fourth 
1 or one Diameter, 45 Minutes, as exhibited in Pig, I. Plate 
Tus Doxicx Ops is fo named from Dorus, King of Achaſis, who, tis re- 
ported, built a magnificent 'I'emple of this Order in the City of Argos, which he 
- dedicated to the Goddeſs Juno, and which, Yitruvius ſaith, was the very firſt Mo- 
del of the Kind, - | e 
Tais Order, for its Maſcuiine, or rather, as Scamoxzi calls it, Herculaan 
Aſpect, with regard to its excellent Proportion, is to be employed where 
3 and Grandeur are required, as at the Gates of Noblemen's Palaces, 
Dc. e general Proportions of this Order are as follow, vis. The Height 
of the Pedeſtal is one fifth of the whole, its Column 8 Diameters, and its En- 
. — one fourth of the Column, or two Diameters, as exhibited in Plate 
Tax Ionicx Oaprs is ſaid to have been invented by Jon King of Jonia, a 
Province in Afia, who erefted a Temple of this Order, and dedicated it to the 
Goddeſs Diana : and as this Order is a Mean between the Herculcan Dorict, 
and Feminine Corinthian Extremes, it ought therefore to be employed in Por- 
ticoes, Frontiſpieces, 6c. at the Entrances into Noblemen's and Gentlemen's 
Houſes. The general Proportions of this Order are as follow, viz. The Height 
of its Pedeſtal is one fifth of the whole, its Column 9 Diameters, and its Enta- 
dlature one fifth of the Column, or one Diameter, 48 Minutes, as exhibited in 
Plate XXVIII. | IN, 
Tur CortxnThian Orptr received its Name from the luxurious City 
Corinth, where it was invented and made by Calimachus, an ingenious Sta- \ 
tuary of Aihens, who took the firſt Hint thereof from a Baſket, placed on 
. | the 


/ 
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placed fixteen Leaves, in two Heights; from which, in Imitation of the curved 


N of (ds 8 bad (oe 


and Enrichments of their Freezes. Thirdly, the Groteſque and e 
the 
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the Grave of a young Lady of Corinth, wherein the Nurſe: having put her Play- 
Toys, according to the Cuſtom of thoſe Times, and covered the Baſket with a 
ſquare Tyle, a Root of Acanthus, or Branca Urfina, Bears-Foot, happened to 


grow under it; which putting forth its Leaves around from under the Baſket, 


us in Fig. V. Plate XXXIV. they turned up the Sides, and encloſed the whole 
at Bottom; whilſt the Flower-ſtalks in advancing higher were repulſed by the 
projecting Tyle, and obliged to turn under it, in a curved Manner. To form 
this. Capital, he made a Yaſe or Bell, to repreſent the Baſket, 'and about jt 


ower-ſtems, he ſprung Stalks enriched, whoſe Curvatures he finiſhed with 


© Volutes, and covered the Whole with a borned Abacus of Moldings, in Imita- 


tion of the Tyle. This Order being the moſt rich and delicate of all the Orders, 
it ſhould therefore be employed within Buildings, as in Rooms of State, &:. 
where Magnificence and Beauty are required. The general - Proportions of this 
Order are as follow: Its Pedeſtal is one fifth of the whole Height, its Column ten 


Diametere, and its Entablature is equal to one fifth of the Column, as exhibited 
in Plate XXII. 


Tus ComftosiTs, Oxpar, called by ſome the Roman or Tialian Order, 
18 generally made, of all others, the very worſt ; for its Capital is nothing- more 
-than the lower Part of the Corinthian Capital, covered with the /onice Capi 
tal for an Abacus; is much leſs elegant than the Corinthian, as its Entab 
ture is alſo: and if to theſe be added the Lowneſs of its Shaft, which has 
very little Diminution, and of equal Height with the Corintbian upon a juſt 
View of the Whole, it will appear to be rather a Diſgrace than a /Credit to 
the Inventor, or, at leaſt, a full Proof of a t Barrenneſs of Invention: 


and that I may not be thought to find Fault with the Endeavours of others, and 


at the ſame Time give no better Example, I therefore, in Plate XLI, have given 
the C Entablature, by Andrea Palladio, with a Compgſite Entablature of 


my own Invention, for infide Works, which I ſubmit to the > wag of the 


udicious, The general Proportions of. this Order are exhibited in Fi. I. 
Aa XXXIX. e | 4 . 
I To theſe five Orders we may add many more, iz. Firſt, the Orders of the 
Perſians and Cariatides, as Fig. II. III. and IV. Plate XLII. where the Statues of 
Men and Women are uſed inſtead of Columns, of which the firſt is crowned | 
with a Dorick Entablature, and the laſt with an Tonick. Secondly, the French and 
Spaniſh Orders, which are only different from the Corin/hian in their 8 

rders 
Invention, vide Plates 302, to 310, of my ancient Maſonry. laſtly, 
"Gothich Order, which makes twelve Orders in the Whole. | 


den w. 


re ening the particular Parts of the Suden Order, by 
n 


' Modules and Minutes, according to AnDrREtEA PALLADIO, and by equal 
Parts, compoſed from the . all 8 
| ROB. I. 


» a+. 427 


the Entablature only: And laſtly, with both Pedeſtal and Entablature : There- 
fore, to find the Der in every of theſe four Caſes, this is the Rule, viz. 
Divide the given Height into the ſame Number of equal Parts, as there are 
Minutes contained in the Height of the principal Parts that are to be employed; 
and take ſixty of thoſe Parts for the Diameter of the Column. 

Tus Height of the Column alone, o 9, Fix. I. Plate XIX. is 7 Diameters ; 
therefore one ſeventh of the given Height, where the Column only is to be 

| | 5 5 employed, 


! 
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employed, is the Diameter required. The Height of the Pedeſtal and Column, 
as 35 V, equal to n x, Lig. I. Plate XIX. is 9 Diameters eighteen Minutes and 2, 
which are equal. to 558+ Minutes. Now admit the given Height to be 12 Feet, 
reduced into Inches, equal to -44, and the Inches ced again into toths, e ual 
to 1440. Then ſay, by the Rule of Three direct, As $ 58 Minutes, the Number 
of Minutes contained in the Height of the Pedeſtal and Column (rejecting the + 
of a Minute), is to 60, the Minutes contained in the Diameter of the Column : 
So is 1440, the tenths of an Inch contained in the given Height of 12 Feet, to 
15115, which is very little more than one Quarter Part of one tenth. Now 151 
tenths of an Inch reduced, is equal to 15 Inches, one tenth, one fourth of a tenth, 
and a very ſmall Matter more, and is the Diameter required. And if 15 _ 
one tenth, and 4 of a tenth, be divided into 60 equal Parts, CN | 
Matter more than the of a tenth . will be near enough for Practice), they 
will be the Minutes of the Diameter, by which the Heights and Projections of the 
Order may be proportioned. 935 ek bop | MY 
In the ſame Manner the Diameter may be found, when the Column and Enta- 
blature only are employed, whoſe. Height i , Fig. I. Plate XIX. is 8 Diameters, 
45 Minutes; as alſo may the Diameter of the entire Order, whoſe Height @ 5 is 
11 Diameters, 3 Minutes, and à, as expreſſed on the Line / -W. 
Tuis 7 underſtood, and a Diameter being thus found and divided, the 
delineating of this Order is caſily 3 „ 
: | ROB. II. TN VE fg ON 188 
Do delineate the Tuſcan Pedeſtal, by Modules and Minutes. rs 
Lir A, Plate XIX. be a Diameter found, or given (which is alſo called a 
Module), and divided into 60 Minutes, | . 715 
Beroxx we proceed to this Operation, it is to be obſerved, that the Heigh 
of the Members are expreſſed on the central Line, to be read upwards, and th. 
Projectures are placed againſt them, to be read level with the Eye, either on the 
right or left Hand Side. 1 i e ts 
' Operation. Firſt, Draw a baſe Line, as & r, Fig. III. Plate XIX. and in any - 
Part, as at I, erect the Perpendicular 4 1. Make 1 / equal to 37 Minutes and 
E, as expreſſed between 4 and /; alſo make fe to 2 Minutes; 4 
to * Minutes; dc to one Diameter, 9 Minutes, }; ca to 4 Minutes, 3; 4 5 to 
2 Minutes, 3; b &to 17 Minutes, :; and pd bs the Points & bacdef, rats 
Lines to the right and leſt, parallel to the baſe Line Ir. Secondly, Make Ir, 
and F 5, each equal to 47 Minutes and & ; and draw the Line r. Make Ft, and 
ev, each ro a, to 45 Minutes, and draw the Line » ?. Make d «y equal to 
1 Minutes. Make d x, and c , each equal to 40 Minutes, and draw the 
ine y x = Make c 41 equal to 41 Minutes, Make à z, and þ 45, each equal 
to e and draw the Line 45 2. Make 6 r, and 4 , each — to 
47 Minutes and 1, and draw the Line Hr. Then by Proz. V. of Lscr. Ic 
hereof, deſcribe the Cavettos y 2, and x v; and the very ſame being repeated 
on the left Hand Side of the central Line, will complete the Pedeſtal, as re- 
gms And as the Members in the Baſe and Capital of the Column, as alſo 
the Members in the' Entablature, are all delineated in the very ſame Manner, 
there needs no more to be ſaid thereof, and therefore the next Wark is, How to 
diminiſh the Shaft of: this, or any other Column. T 
Bor before we can proceed to this Work, it muſt be obſerved, Firſt, that the 
Heights of the Baſes of Columns in general .are all equal to balf a Diameter, or 
o 4 as is alſo the * of the Tuſcan and Dorick Capitals. Second - 
y, That the Cincture 3, Fig. I. Plate X. and the Afragal, or Collerino b I, 


are both Parts of the Shaft. Thirdly, That ſince the whole Column in the 
Tuſcan Order, including its Baſe and Capital, is 7 Diameters high; therefore 
taking the Baſe and Capital from it, which together are equal to one Diame- 
ter, the Remains, 6 Diameters, is the Height of the Shaft. Fourthly, That 
Columns in 22 are diminiſhed but in the two upper third Parts of their 


Height, the lower third Part being . Fifthly, That the * Co- 
: | umu 
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lumn is diminiſhed one fourth of the Diameter of its cylindrical Part; the Dorick 
one fifth, the /onich one fixth, the Corinthian and Compoſite one ſeventh, and 
therefore the Diameter of the Tu/can Column, at its Top, is but 45 Minutes, the 
Derick 48 Minutes, the /onick 50 Minutes, the Corinthian and Compoſite' each 51 
| a Prom III. Fie. I. Plate R. 

TDTDoo diminiſb the Sf the Tuſcan, or any other Column.  --. 
Operation. Draw 1 b for its Height, 3 of which is its Diameter. Divide 
I into three equal Parts, at 9 and ( through the Points C and 6 draw right 
Lines, at right Angles, to the central Line { 6. Make C y, and C 7, each 
equal to 30 9 and / þ, [&, and. C D, CE, each equal to 22 Minutes and 
a half, and draw the Lines 5 D, and + E on the Point C with the Radius 
. C y, deſcribe the Semicirele y w 7. Divide / C, into any Number of equal 
Parts, ſuppoſe four, at the Points-n Av? and-through them draw the right 
Lines m o, pr, and t, of Length at pleaſure. Divide the Arches y 2, and 3 7, 
each into as many equal Parts, as you divide the Line /C, which here is 4, 
as at the Points 1 = x, and 4 5 6, and draw the Ordinates 1 4, & 5, x-6. Make 
v5, and v r, each equal to the half Ordinate B 6 ; alſo'gp, and g r, each equal 
to the half Ordinate A 5; and n m, and n o, each equal to the half Ordinate g 4. 
From the Points h 4, through the Points m, and ort, unto the Points y 7, 
- draw the Lines 5, and & 7, ſo as not to make an Angle at any Point, and they 
will diminiſh the upper Part of the Shaft, as required. As this Method is general 
for diminiſhing the Shafts of all the other Orders, no more need be ſaid on this 
Subject. . Pa. 
— Plate XX. Fig. I. and II. are exhibited the particular Members of ou prin- 
aipal Part of this Order, with their reſpective Meaſures of Heights and Projec- 


tions. 8 N 
al? Pros. IV. Fig. II. Plate XIX. a 

To proportion the Heights of the principal Parts of the Tuſcan Order, by equal 
| | e, | * 
Operation. Divide @ /, the given Height, into 5 equal Parts; the lower one 
Zz l. is the Height of the Pedeſtal, and the 8 Parts, @ g, equal to r, 
divided into 5 equal Parts, the upper one is the He t of the Entablature, and 
the lower 4, the Height of the Column, which being divided into 7 equal Parts, t 
is equal toits Diameter ; and. thus are the Heights of all the principal Parts deter- 


mined, | | 
1 5 PR OB. V. g 
To divide the Height of the Tuſcan Pedeſtal, into its Baſe Die and Cornice, 
and them into their reſpedti ue Members. | 
_ Operation. Divide g /, Fig. II. Plate XIX. the given Height, into 4 equal 
Parts, as s v ; give the lower 1, to the Height of the Plinth, one third Part of 
the next 1, to i 4, the 89 on of the Moldings to the Baſe, and half the upper 1 
to g b, the Height of the Cornice, Fog 
To divide the Moldings 75 the Baſe and Cornice of the Tuſcan Pedeſtal. 
ig. IV. Plate XX. | | | 
Operation. Firſt, Divide 4 3, the Height of the Moldings on the Baſe, into 3 
equal Parts; give the upper two to the Cavetto, and the lower one to the Fillet. 
Secondly, Divide a d, the Height of the Cornice, into three equal Parts; alſo the 
upper 1, 6 c, into two Parts, and the lower 1, e , into three Parts. Then 
giving the upper 1 of bc, to the Regula, and the upper 1 of e g, to the Fillet, 
the two Remains will be — 2 Cavetto. $15.22, | 
To determine the Projefions of theſe Members, _ © 
 FinsT, Make the Projection of the Dado 4 4, equal to half the Height 
of the Dado and Moldings on the Plinth taken together, thereby forming a geo- 
metrical Square, as in Fig. II. Plate XIX. wherein is a Circle inleribed. | 
Secondly, Make the Proje&tion of the Plinth and Regula, before the upright 
. of the Dado, equal to the Height of the Cavetto and Fillet. on the Pint. 
: | | | 7, 
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Thirdly, Divide / b, the aforeſaid Projection, into 6 Parts, the firſt 1 ſtops the 
two Cavettos at = and o; the third, the upper Fillet , and the 5th the Plat-band 

and lower Fillet p. : - WEE ze EE og 
| RK 0 B. o 73 


To divide the Height of the Tuſcan Column, into its Baſe, Shaft and Capital, - 
| ” . | F - 
Operation. Firſt, Divide 6 g into 7 equal Parts, and take 1 for the Diameter. 

Make e 3. and bf, each equal to half a Diameter, for the Heights of the Baſe 
and Capital. is done, ſuppoſe G g, and ac, in Fig. XX. to be the Heights of 
the Bake and Capital, as before ſound. | l 
8 To proportion the Baſe of the Tuſcan Column. 
Div df, equal to its Height a e, into 7 equal Parts ;, give 4 to the Height 
of the Plinth, and 3 to the Height of the Torus ; alſo . the Height of 
the Cincture, equal to 1 Part. 8 8 pil op 
Do determine the Projefions of the Members of the Tuſcan Baſe. ws. 
Divide c FL ual to the Semi-diameter, into 3 equal Parts, and make c 4, 
equal to 4 of thoſe Parts. Divide the Part 3 4, into 5 equal Parts, and a Line, as 
$8 i, being drawn from the ſecond Part, parallel to the central Line of the 
Irder, will cut the central Line of the Torus in i, its Center, and ſtop the Ciuc-, 
ture at =. This being done, and the Shaft of the Column erected on the Baſe, 


as before taught, proceed we now . 
To proportion the Tuſcan Capital. . 

Divips its Height G . equal to A B, into al Parts. Divide the | 
upper 1, as E F, into 4 Parts, give the upper 1 to the Regula, and the lower 3 
to the Abacus. Divide the middle 1 into 6 Parts; give the upper 5 to the 
Ovolo, and lower 1 to the Fillet. The lower 1 is the Height of the Hypotrache- 
lium, or Neck of the Capital. Now to find the Projeflures of theſe Members, 
make g i equal to half G g, and divide I, equal to g i, into 6 Parts; the firſt 1 ſtops 
the Fillet, the 4 Parts 4 4 the Ovolo, the fifth Part the Abacus. 

; The Aſftragal, to the Top of the Shaft, is thus proportioned. 

Make er its Depth, equal to half I, the Height of the Necking, which divide 
into 3 Parts; give 2 to the Aſtragal, and 1 to the Fillet. The Projecture of the 
Aſtragal o, is equal to mn, vis. to half the Height of the Neck, which is equal to 
+ of the whole Capital's Height, and its Fillet to 3 thereof. ; 


| PA OB. VII. | | 
To divide the Height of the Tuſcan Entablature, into its Architrave, Freeze, ' 
and Cornice, and them into their reſpectiue Members, 

Operation. Divide a A, equal to its Height 4 G, Fig. III. Plate XX. into 
7 Parts: give 2 to the Height of the Architrave, 2 to the Height of the Freeze, 
and 3 to the Height of the Cornice. To divide the Architrave, divide C D, 
its Height, into 6 Parts, and give the upper 1 to the Tenia, which is alſo 
called Diadema, a Bandlet or Fillet to bind the Head, whoſe Projection d c, 
is equal to its own Height. Continue its Face to F and b, making each equal 
to its Projection, and deſcribe the Quadrant a c, above the 'Tenia, for the im- 
mediate carrying the Rains from it, and the other below it, to ſtrengthen its 


Projection. | | 

To divide the Tuſcan Cornice into its Members. 

Irs. Height being before divided into 3 Parts, divide the lower 1, de, into 

Parts, give the upper 1 to the Height of the Ovolo, and the lower 1, 5 %, di- 
vide into 4 Parts; give the upper 1 to the Fillet, and the lower 3 to the Cavetto. 
Theſe three Members taken together, form that which Workmen call the Bed- 
Molding of a Cornice. Divide the upper two Parts of the Cornice into 24 
ual Parts, as 6 C give nine Parts and a half to the Height of the Corona, 
and to the Height of the Ovolo, and the Remains between them i g, being 

divided into 3 Parts, give 2 to the Aitrazal, and 1 to the Fillet. The a | 


% 


Cavetto, the 4th Part its F 


in a Colonnade, as Fig. I. Plate XXII. the 


by 
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Ef this Corgice m / is equa] to its Height; therefore make n 0, againſt the Freeze, | 
equal to its whole Projection, and divide it into 3 Parts. Divide the firſt Part 


into 8 Parts, as at #7 the L 1 Part ſtops the Projection of the Foot of the 
„the * the Ovolo, and the 8th, its Fillet next 

under the Corona. The middle Part b itg divided into 4 Parts, the third Part 

from the left ſtops the Drip of the Corona, and the fourth Part the Face of the 

Corona. _The 55 

into 4 Parts, the firſt 1 tops the Fillet x, and the next i the Aſtragal y ; and thus 


* 


is the whole Order completed, by equal Parts, as required. 


Now to proportion any Part of this Order to any given Height, theſe are the 
es, vin. „ | | 
* To proportion the Column and Entablature only, to any given Height, and io 
2M nd the Diameter. Te. if 


Rule. Divide the given Height into 5 equal Parts, the ipper 14 ig the Height 
V 


of the Entablature, and the lower 4 of the Column, which into 7 Parts, 
apd take 1 for the Diameter of the Column. „„ 
II. 7 0 Proportion tht Pedeſtal and Column only, to any given Heaght, and to find 


Diameter « 


Rule. Divide the given Height into 21 equal Parts, give 5 to the Height of 
Pets, and take 1 for the 


the Pedeſtal, and 16 to the Column, which divide in 7 


lameter. | | \ i 

III. Yo proportion the Height | * the Tuſcan Cornice to any given Hei 
Tais admits of two AGE of Firſt, being conſidered as the 6 

an entire Order; and laſtly, as the Cornice of ah Entablature, to a Column 


| onl F. * | : 
| 15 the firſt of theſe Caſes, divide the given Height into 35 equal Parts, and 


take 2 +, for the Height of the Cornice; and in the laſt Caſe take 3 Parts 


which divide into 3 Parts, Nc. as before directed in the Cornice of the, Tuſcan 


Entablature. | EO 
Tus Intercolumniation of this Order, that is the Diſtance - at which the 


central Lines of the Columns are to be placed from one another, is of divers 


are applied to. As for Example, 


o 


ſtance between the central Lanes 
l. and II. Plate XXI. and in the 


Kinds, and thoſe according to the Uſes ung 
is 5 Diameters. In the Frontiſpieces, Fig. 


| Arcades A B C, Plate XXII. whoſe Columns are on Subplinths, they are at 6 


Diameters Diſtance. And in Arcades of Columus on Pedeſtals, as Fig: IV. 
Plate XXI. they are at 5 Diameters Diſtance. 1 
Wurn Tuſcan Columns are placed in rey as a 5 %. Hg. IL. and defghi, 


Fig. D and E, Plate XXII. the Diſtance of their central Lines is 1 Diameter, 


45 Minutes. My \ | * N 
Tur Intereolumniation of Columna, in Tuſcan Porticos, are of two kinds, vir. 


the Middle 5 Diameters, as c d, Fig. II. Plate XXII. and the Sides 4 Diameter 


each, as bc and d e. 

er | 
| Of the Manner of compoſing Prontidieces, Arcader, Colomader, and Patttca 6 
rien ³ TITTIES 


FN. to Doors are either ſtraight or circylar headed, which laſt is 
either Semi-circular or Semi-elliptical. | 


SeMi-citcuLar headed Doors are more griceful than thoſe that are Semi: 
elliptical, which laſt is ſeldom uſed but at ſuch times when the Height will 


not admit of a Semi-circle, as being either tos high or too low, When the 


given Height that an Arch muſt riſe above the Impoſts from which it ſprings | 

Is more than half the Breadth of the Opening, the 8 | -ellipls, 

made on the conjugate Diameter, as Fs: X. Plate LXIII. But when the ou | 
| P | Height 


reh muſt be a 


Ly 


rd or outer Part being divided into 2 Parts; and the firſt 1 Part 


ER 
ornice of 


0 
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Height is les than half the Breath of the ing, the Arch muft be a Sens 
ellitpts, made on the tranfrerſe Diameter, as Fig. IX. Plate XXIII. 

4 bak always to e in _—— mow with arched Heads, a Ap 
Im of oa afficiextly above a ' Height, that they may not o 

= 'y Part of the Eatrance. , * of 


; Pa O. I. F. I. Plar XXL 
To met: a Tuſcan ſonare-hendei Door, with u circular piiched Pediment. 

Daa the Baſe Line, and at any Point, as 56, erect the Perpendicular 6 e, and 
draw g h, and & d, perallel to the central Line & a, each at 3 Diameters Diſtance. 
Bet up the Subpliutks g and +, cach 1 Diameter in Height, and vn them erect two 
Cohmuns Nh Weir Emablature. by Pads. I. or IV. Lecr. IV. and give 
the Snbjlinths 42 Minutes ProjeRions on each Side of their central Lines. Make 
the Margnis m m 30 Minutes in Breadth, from the <ylindrical Parts of the 
Caoknmmns, and fromthe under Part of the Architrave. Divide the whole Extent 
of th: level 'Comice into 9 equal Parts, as is done in Fig. D, Plate XV. and ſet 
up two of xhole Parts, from 4 to 4, und draw the line ei, for the upper. Part of 
the raking Cernice. 2 | | 

To properiien the rating Members to the rakigg Corsice, Fig. VIL Plate XV. 

Von the Paiet y draw d parallel to / cu, alſo x x, parallel to dy. On any 
Part of x A, as vt 4, ere the Perpendicular a1, which continue through the 
level Moldings. Make a6 equal co o p; ö c equal top g; c d equal to qo; 

Ae qual tor z; and e f equal to 21; and throngh the Points abc de f, draw 
right Lines parallel to. & 2, which will be the Members required; and which 
will rave the farne Proportion to the raking Cornice, as the level Members have 


to the lewed Corn ioe- 5 | 
| | To mate a circular Pediment. 
Lex ꝝ 5, Fig. E, Plate XV. repreſent the Extent of the whole Entablature\ 
Make r al ts 2 Nintks of g i, draw & , or e i, which bife& inf or 4, 
wherom the Perpendicular F 4, or + 4, which will cut e, continued in 4 
the Center, whick in Fig. L Plate XXL is che Point 5, on which deſcribe the 
Members found as aforefanl. 8 | 
© Pon. II. Fig. IV. Plate XV. - 
Te fai the Curvature or Mold & rating Ozolo, that fball mitre evith the 
. . 9 * ha N 


* ho. i 

Ler e be a Part of the levd Conde, and u the Points from which the 
_ raking Corrie takes its riſe ; ufo 1252 4 and g n, repreſent a Part of the raking 

Cornce, On eredt the Perpendicular = &, and continue / a to 5 ; divide $ a 
iatoary Number af equal Parts, at the Points 1 2 3, Qc. and from them draw 
the Oedirates 1 2, 3 4,5 6, Sc. In any part of the raking Oralo as at c, draw 
the Perpendicular c an, and make g d equal to J a, the Projection of the level 
Orch. Divide c into the fame Number of equal Parts as are in h n, as at the 
Pais s 3 5 7, &fc. from which draw Ordinates equal to the Ordinates in 5 n, 
and through the Poims 2 4 6, tc. trace the Curve required. In the ſame Man- 
mer the Curvature or Mold may be found when the upper Member is a Cavetto, 
Cyma Recta, or Cyma Rexerſa, as is exhibited in Fig. V. VI. and VII. 

| Pros. III. Fig. IV. Plate XV. © 

To fad the Curvature or [Mold LA 55 reterned Molding, in an open or broken 

X by 6 * 

Le x the Point f be the given Point, at which the raking Molding is to return. 
Continue x p towards Fat pleaſbre, and from the Point 7, let fall the Perpen- 
dcular f ; draw f e parallel to h p, and make /e equal to b a, the Projection 
of the Cornice, Draw ei parallel to F , and divide e g into the ſame 
 Nomher of equal Parts, as are contained in 4.7, as at the Points 1 3 5 7, Cc. 
from which draw the Ordinates 21, 43, 65, Cc. equal to the Ordinates in 
$ =, through the Points 2 4 6 8, Oc. trace the Curve required. In the fame 
manner the Curvature or Mold may be found when the upper Member is a 
: —_ 8 Cyma Recta, or Cyma Reverſa, as is exhibited in Fg. V. VI. and VII. 
Plate xx. a | 


L 


PxOB. 


A 
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FRO. IV. Fig. II. Plater XXT. 
| To make @ Tuſcan circular headed Door with a pitched Pediment, or 

Ser vp two Columns with their Entablature as before be S 
tance of the central Lines equal to 6 Diameters. Divide n b, the Height of the 
Columns, into 3 equal Parts, and ſet dow 1. Part from » to g,, for the Conter of 
the Als ane the Live gr. Make the Breadth of the Filiters ao, cacla 
e — Part of the Coluames, and delineate the. n poi 
and Architrave of the Arch as follows, viz. 

IN Tig. HL Plate XXI. a3 repreſents the Breadeſ of a Hlaſter- make 3 
equal to a 3, and divide @ &-i> 3 equal Farts at + and g, ther the 8 * 
the broad Regula or Fillet, and the lower 1 the Neck of the Impolt. Donde. 
the Middle Part in 4, give the wpper 3 to the Ovolo, and the lower » tw its, Eil 
let. Make b equal to half g b, and divide 5 c i 3 Parts, give: 2 to Yee Al- 
tragal and 2 to the Fillet: av] this the Herghts of all the Members detrr- 
mined. . The Projection of the Regula on the Orolo is equal 10 its Height, ai 
ihe Tillet — Ovolo. The Projectionas the e abe epd Hehe. | 
t v, and its Fillet to} thereof. To divide the Architrave of the Arch, dale 
4 3 into 3 Parts, the inward v is the Breadth of 2 3, the fuſt Fafeiz, half che 
outer one is the Breadth of an, the Fillet, and the Remains ĩs ihie Breadth of 2, 
the great Faſcia. The Breadth of the Key-ftone = u, on the lower Part of this 
pox cnatgr is one eleventh Part of the Semicirele. Now if cis required to i 
this Door with a Pediment either ſtraight or circular, proceed therewith as before 

t in Pros. I. hereof, and if wit a. Baluflrade as on dhe leſt Side, 
by Pros. V. Lecr. IV. divide ds, the Height, which is equal to the 
of the Pediment, into the fame Parts as the Tuſcan Pedeſtal, making the Breath 


of the Dado of the Pedeſtal, equal to the Diameter of the Column at its Aſtragals: 
| then the Cornicaand Baſe being continued, and the Dado Part fitet with Bani- 


Aters, the whole will be completed, as required. 

To dt vide tbe Weder of the Haniſters. Diride he Difloar begays the Dado 
of the Pedeſtal and the central Line à h, into 33 Parts, give 2 to the half 
Baniſter againft the Pedeſtal, 2 to the I oturyals . bis between the Bani- 
12 427 * Breadth of each Baniſter, and 1 to the half Interval at the central 

ne ah. 

Tux Baniſter proper to this Order is exhibited in Fig. A BC, Plate LXVIII. 
with the Proportions of their Members adjuſted by equal Parts. | 

Note, If tis required to complete this Frontiſpiece ſtricily, according to Ann 
Paitanio's Meaſures, then, inſtead of the Ne". [mpoſt, we mutt inſert cither 
of the Impoſts A or B, in Plate XIII. 5 K. are exhibited all the ĩmpoſts to the fave. 
Orders by this great Maſter. 

Note of If to fuch a Semi-cireular-headed Door, is abfolutely 
fer the Columns on Pedeftals, then the Diſtance of the central Lines af the 6 
lumus mult be increaſed unto 7 Diameters, as in Fig. IV. Plate XXI. 

5 ' Pros. V. Plate XXII. ; 

| To make a Tuſcan Arcade. 

Axcaves are made in three different nners, viz. Firſt, of ſingle 8 2 
A B C; ſecondly, with Columns in Piers as D E; aud hy, with Ruſtick Piers 


| Inſtead of Columns as F G and . 


To form the two firſt Kinds of Arcades is no more than to place Columns at 
fuch Diſtances as is expreſſed between their central Lines, and to complete then 
with their Pilaſters, Impoſts, and Arches, as taught in the laſt Problem. 
| ArCapes with Piers have their Piers of the fame Breadths as are equal to 
the Breadths of the Pilaſters and Columns in the two former Kinds, as is erident 
by the dotted Lines continued down to them; and the Height of the level Ruſ- 
ticks from which the Arches ſpring, is the ſame as the Height of the Impoſts in 
the former. The Ruſticks in the Arches are divided in different Manners, as 
Firft, Fig. D, where the Arch is divided into 11 Parts, and their Length — 
equal to K e Breadth of the Pier. I Fig. E, where the Key-ſtone 3 

'2 is 
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is 1 eleventh Part of the whole; the Sides a b, and c d, each equal to half 5 c, 

then the Side o a, divided into 4 Parts, give 1 to each Ruſtick. Thirdly, Fig. C 
is divided in the ſame manner as E, but its Pier G being but half the Breadth 
of the Pier H, the lower Ruſtick on each Side is therefore omitted. Fig. B is 
divided the ſame as Fig. D, with its lower Ruſticks omitted for the aforeſaid Rea- 
ſon. Fig. A is divided the fame as Fig. E, and hath its lower Rufticks omitted 
as in Fig. C, but its Side Ruſticks are ſquared on their Sides by the central Line 
of each Pier, and at their Tops, by a Line drawn level from the upper Part of the 
circular Architrave. The circular Architraves in Fig, A B and C have their 
Heights equal to half the Thickneſs of their Piers, and their Fillet is equal to 1 
fourth of their Height, as expreſſed by the Divitions on the right Side of th 
Key-ſtone in Fig, B. 7 | . 


PR O B. VI. Fig, I. Plate XXII. : 

| $ To male a Than Colonnade, 78 
To form a Calonnade is no more than to range Columns with their Entablature 

at 5 Diameters Diſtance, as expreſſed between the central Lines of the Columns. 
The Intere lumniation of this Colonnade is called Aneoftyle, from the Greek Aracos, 
Rare, and Stylos, a Column, by which Yitravius ſignified the greateſt Diſtance that 
ſhould be made between Columns that have not Arches between them to aſſiſt the 
bearing of the Architrave. = | 


PAN OB. VII, Fig. II. Plate XXII. 
| | | To make a Fu tan Portico, | ; 
Pon ricos were anciently Porches formed by Columns, fi ing Parts 
of Roofs, continued out beyond the Uprights of the Ends of Temples, as the 
Portico of St. Puls, Covent Garden. But now they are oftentimes placed againſt 
the Fronts of Buildings ſupporting a Pediment, to diſcharge the Rains, and alſo 
in Gardens, to terminate the View of a grand Walk, Oe. e 
Div the given Breadth into 35 Parts, and take 2 of thoſe Parts for the 
Diameter of the Calumn. This done, ſet out the central Lines of the Columns 
as expreſſed between them, and complete the ſeveral Columns with their Enta, 
blature, But as the four middle S ſiniſned with a Pediment to make 
the Portico, they muſt advance 3 Diameters forward before the Range of the 
Columns à and /, and Pilaſters muſt be placed behind the Columns & and c, in 
_ with a and / which indeed ſhould be Pilaſters alſo, Tb eo a 
A PirAs TER is called by the Greets, Paraſtate, and by the [talians, Mem- 
bretti, and is nothing more than a ſquare Column, and is diminiſhed the ſame as 
a round Column, when ftanding with Columns ; but when alone, it muſt not be 
diminiſhed, nor indeed even when with Columns, as in this Example when fland- 
ing at an Angle, as thoſe of a and /; becauſe the Quoins of all Buildings ſhould - 


be ereR. 
Examples for Practice in the Tuſcan Order. 
I. The Height of the Tuſcan Architrave being given, to find the Height of ts Freeze, 
and of its Cornice. Rupt, Make the Hei ke of the Freeze equal to the Height 
of the Architrave, and the Height of the Cornice, to 3 fourths of the Height of 
the Architrave and Freeze taken together. | 9 8 
II. The Height of the Tuſcan Cornice being given, to find the Height of the Archi- 
trave and of the Freeze. Ry fx, Divide the Height of the Cornice in 3 Parts, 
and make the Height of the Architraye, and of the Freeze, each equal to two 
Parts thereof. | WM „ 
III. The Height of a Tuſcan Cornice being given, to find the Diameter of the Column. 
Rvue, By Example II. find the Height of the Architrave and Freeze, and add 
them to the Cormce ; multiply the Height of the Architrave, Freeze, and Cor- 
nice by 4, and divide their Product by 7, the Quotient is the Diameter required- 
IV. The Diameter of a Tuſcan Column being given, to find the Height of the Cornice. 
Ruux, As 12 is to 9, ſo is the given Diameter to the Height of the Cornice 
x | » The 


— 


4 
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V. The Height of a Tuſcan Architrave bein given, to find the Diameter of the 


Column. Rol E, Double the Height of the Ale titrave, and it will be equal to the 
Diameter required ; and ſo on the contrary, if the Diameter was given and tbe 
Height of the Architrave required, then half the given Diameter is the Height 
. The Nn of the Taten Entablazre being pive find the Hiighe of the 

A ; e Tuſcan Ent ing given, to fin iht 0 
Capital. Rove Divide the Height of the Ber fg 7 Parts, aud make 


the Height of the Capital equal to 2 of thoſe Parts; and ſo on the contrary, if 


the Height of the Capital was given to find the np. of the Entablature, divide 
the Height of the Capital into 2 Parts, and make the Height of the Entablature 
equal to 7 of thoſe Parts.- | 
VII. The Height of the Capital and Entablature being given, to find the Diameter. 
RuLx, Divide the given Height of both Capital and Entablature into 9 equal 
Parts, the Diameter will be equal to 4 of thoſe Parts. ; | 


Be LECTURE VI. . 3 
Of the Manner of zoning the particular Parts of the Dorick Order by Modules 
and Minutes, 4 to Au REA PATTADio; and by equal Parts, compoſed from 
the Maſters of all Nations. | | | 
HE N Parts of this Order by Au DEA PaTLADio are exhibited in 
0 F. I. its Pedeſtalin Fig. III. Plate XXIII. The Baſe, Capital, En- 
tablature, and Plancere of the Cornice are exhibited by Fig. I. and TH. Plate 
XXIV. and as they are all proportioned by Modules and Minutes in the ſame . 
Manner as the Tuſcan Order, it is _ Boy any more thereof. | | 
| f Pa O B. 1. ee 
To proportion the Heights of the principal Parts of the Dorick Order by equal Parts. 
Lzr a b, Fig. II. Plate XXII. be the given Height, divide : /, equal to a 6, 
into 5 equal Parts, give the lower 1 to the Height of the Pedeſtal. Divide the 
4 remaining Parts into qual Parts, the upper 1 is the Height of the Entabla- 
ture, and = lower 4 the Height of the Column, which divide into 8 Parts, and 
take 1 for the Diameter of r 0 | | 
g RO B. . 


5 To divide the Height. of the Dorick Pedeflal into its Baſe, Die, and Cornice, and 


| - _ , them into their reſpective Members. 4 
Lr a b, Fig. IV. be the given Height and · central Line of the Pedeſtal, di- 


vide c d, equal to a b, into 4 _ Parts, give d 1, the loweſt Part to ; L, the 


Height of the Plinth. Divide the next Part into 3, as r s, and give 1 to f s, the 
Height of the Moldings on the Plinth. - Divide ?, into 8 Parts, give 3 to the 
Cavetto G, 1 to the Fillet I, 4 to the inverſed Cyma Recta K, and the lower 1 
to its Fillet L. Make e f equal c to half the upper 4th Part of the Pedeſtal's 
Height, which divide into 2 Parts; divide 5 g equal to 1 r of e f into 1 
Parts, give 1 to the Fillet E, and 2 to the Aſtragal D. Divide 43, equal to h 
2 into 4 Parts, give the upper 1 to the Regula A, and the other 3 to the Faſciu 
+» The Remains is the Ovolo C. | 
| n To determine the Prujectiont of the Members, | 
Ix Fig. II. a Circle being inſcribed within the Dado of the Pedeſtal, ſhews 


| that its eight and Projection are equal, therefore draw the Line 9 x; parallel to 


@ b, at the Diſtance of half th? Height of the Dado F. Make wv wv equal to v x, 
and through the Point «wv draw the Line p, which is the Projection of the 
Plinth M, and Regula A. Divide p g, the whole Projection before the upright 
of the Dado, into 8 Parts, and one half thereof, as n into 3 Parts; the art! Part 
of no is the Projection of the Faſcia B, and its laſt Part, or 4th Part of þ g, of the 
Ovolo C, and the 6th and 7th Parts of p g terminate the Aftragal D, and its 
Fillet E. The firſt Part of pg terminates the Fillet L, the 5th Part the Fillet I, 
and the 7th Part the Cavett: 6. | | 

E 0 io 3 - PRO Za. 
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To Gef the Height of the Dorick Column into itt Baſe, Shaft, ant Capital aud view 
"Mm 1 into their reſpettlive Kas. oo Wm 


Divide the given Height into 8 Parts, 1 is che Diameter, and'as the Height of | 
the Baſe and Capital are eact half a Diameter, therefore 8 in Fig. II. Pla 
XXII.) ke pg the Height of the Baſe, and mn the Height of the Capital, 


each equal to half a Diameter. | 
2 To divide the Members of the Baſe. RES 
L af, Fig. IV. Plate XXIV. be equal to a given Height of the Baſe. Di- 
vide of into two Parts, the lower I is the Height of the Pinth: Divide e e equal 
10 halt a /, into 4 Parts; give the lower 3 to the Torus, and the 1 to the 
Aſtragal, which divide into 4 Parts, and make. h c the Height of the Cincture 
4 * 


equal to two Parts. | N 
b 25 To ditermine the Prejedion of the Baſe. ; oy 
Draw the Line + 3 parallel to i # the central Line, and, at the Diffance of 

Ralf a Diameter, divide 4 3 into 3 Parts, and make + 4 the Projection of the 

Plinth equal to 4 ef thoſe Parts. The Projection of the Torus is abvays _ 

to the Plinth in every Order: The No of the Cincture is equal to a Per- 

pendicular drawm through the Center of the Torus, as is the Center of the Aſtra- 


alſo. | 

o I Do divide the Members of the Capital. | CE TEA 

LI R W, Fg. II. be equal to a given Height of 939 divided into 
4 equal Parts, as g 1 2 3, and the lower 1 Part is the Height of the Neck = 
dhe middle Part equal to æ , divided into 3 Parts, the upper 2 is the Height of 
the Ovolo, and the lower 1 divided into 3, as a =, the upper 2 is the Height of 
the Aſtragal, and the lower 1 the Fillet: the upper third Part, equal to / w, 
divided into 3; the lower two is the Height of 15 Fafcia, and the upper 1 di 
vided into 3; the upper 1 is the Height of the Fillet, and the lower 2 os Cyma 


Reverſa. | 
Do d:termine the Proje&ures of theſe Members. 
Lr R W repreſent the central Line of s In to which draw the 
right Line of the Column 8 A parallel to RW, at 24 Minutes Diftapee ; make 
8 T equal to half R 8, and from any Part of the Neck af the Capital, as at A, 
draw the Line A B equal to 8 F, which divide into 4 equal Parts ; the iſt Part 
terminates the Projection of the under the Ovolo, and + thereof its Filler, 
the 3d Part terminates the Faſcia of the Abacus, and + thereof the Ovolo. The 
— at C is proportioned in the ſame Manner as the Aſtragal to the Tuſcun 
— 55 | 
THe Shaft of the Dorich Capital is ſometimes fluted, either according to the 
Manner of the Ancients, without Fillets, as on the right Hand of Fig. III. Pluie 
X. or, according to the modern Manner, with Fillets, as on the left Side, in 
Manner of /onic& Flutes. Tis ſaid, that the firſt fluted Columns were thoſe of the 
_ renowned Temple of Diana, built at Zpheſus, as ſome think by the Amazons, 
which were of Marble 70 Feet in Height, and whoſe Flatings were made in Imi- 
tation of the Plaitings in Women's Robes : this Building employed 200 Years to 
fniſh it at the Expence of all Aja. The Number of Flutes to the Doric Shaft 
was originally but twenty, as they till ſhould be made, that their Breadths may 
be greater than thoſe of the /onich and other Orders, which are always 24 in Num- 
der: And the Reaſon is, that as the Dorick Order hath a maſculine Aſpęct, its 
Parts ought to be larger and bolder than the /onich, which repreſents a feminine 
Slenderneſs. But how juſt the Precepts of the Ancients may be, ſome modern 
Architects take Liberty to decorate the Dorick Shaft with 24 Flutes with Fillets, 
thinking thoſe of 20 too large. And indeed, when the Order is made within 4 
Building, and near to the Eye, I think 24 to be better than 20, which are much 
better in Columns that ſtand abroad, and ſeen at a great Diſtance. 


» 
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Vo divide the Flutes, or Flutes ant Fillets, in the Shaft of the Dorick Column. 

p Fias r, According to the Manner of the Ancients, let i & &; Ng. IV. Plat 
 XXTV. repreſent one Half of a Part of the Doriri Shaft; on i deſcribe the Qua- 
drant 1 2 3 4, He. A which divide into 10 equal Parts; divide any 2 of t, 
Parts, as 3 4 5, each into 2 Parts, and on the Points 3 and 5, with three of thoſe 
Parts, make a Section, on which deſcribe the Curve 3 5. In the fame Manner 
deſcribe all the others. Now if from the Points x 3 5 7 9; you draw right 
Lines parallel to the central Line i L, and termmate them with Arches, which 
mall end level with the upright Part of the Shaft, they will be the perſpeRive 
Appearances of the ſeveral F tins. Th 2 
 _ SxconDLY, According to the Manner of the Modernes, let c z x x, Fig. III. 
Plate X. repreſent a Part of the Dorick Shaft. | | 

Fir, Draw a'b the central Line, on @ deſcribe the Semicircle c þ , which 

divide into 2 equal Parts, to which draw right Lines from the Center a, and 

N re fomething the Semicirel 2 —— 2 2, on 
the Points 6 5, 4, 3. Cc. with a Radius equal to one Part, deſeri e Qua- 
drant r 3, 212 6 , 7 v, Cc. on the Points 7 6 7. Se. E 
Radius 73. deſoribe the A 93» 8 t o, Oc. which are the Flutes without 
Fillets. Secondly, In the Quadrant © 6, divide any one of thoſe 6 Parts into 8 

_<qual Parts, and with a Radius equal to 3 of thoſe Parts on the Points 6, 9, 13g 
127, tc, deſcribe the Arches p , 1 11 , J 15 my Cc. which will be the Flutes, 

_ and the Intervals o p, 1 85 c. left between them will be the Fillets; and 
if from the Points p on , Oc. right Lines be drawn gr to the-cen- 
tral Line, and terminated at the lower Part of the Shaft with Arches as beforgy 
they will e e Appearance of the Flutes and Fillets, as required. In 
theſe ſeveral Mauners, the Breadth of Flutes, or of Flutes and Fillets, may be 
found at the upper Part, and in any Part between the upper and lower Parts of a 
Columna. It is alſo tobe noted, that the Flutings of Columns are ſometimes 
filled ſar one third Part of the Column's Height, with Staves or Cablings, which 
are thus deſcribed, viz. on the Points 15, 11, Ec. with the Radius 11, 9, deſcribe 
the Arches 10, 9, 12 3 14. 13. 16, Oc. which are the Plans of the Cablings, and 
which are ſometimes enriched with Ribbons, Pearls and Olives, He. as exhibited 

f : Pro». V. : | ; 

To dwidethe Height of the Dorick Entablature, into its Architrave, Freeze, und Cor. 
5 nice, and them into their reſpedive Members. 

LAN d R, Fig. II. Plate XXIV. be the central Line and given Height, which 
divide into 8 equal Parts, give 2 to the Height of the Architrave, 3 to the 
Height of the Freeze, and 3 to the Height of the Cornice. 

| | To divide the Architrave. | 
Divide p, the Height of the Architrave, into 6 Parts, give the upper 1 to the 

Height of the Tenia, the next 7 divide into 4, give the upper 1 to the Height of 

the Fillet, over the Drops, and the lower 3 into the Height of the : 

To divide the T riglyphs and Metopes in the: Freeze, Fig. V. and VI. Plate XLIV. 

TrGLyeHs are Ornaments placed in the ZDorick Freeze, and were firſt uſed in 
the Zelpbic Temple, repreſenting an antiqu# Lyre,.a muſical Inſtrument invented 

| by Apdlle. The Word Triglyph comes from the Greet Tęiyheę, fignifying a 
three-ſculptured Piece, 3 tres habens Glyphos, which the Italian: call Planetti. 
A Triglyph canfiſts of ſeven Parts, viz. two entire  Glyphes or Channels, two 
— and 3 * or {nterffices between them. The Breadth of a Tri- 
glyph is equal to 30 Minutes, and of a Mctope 45 Minutes, which being equal to 

the Height of the Freeze, is therefore a 22 Square. 

\, Merores are the Intervals or ſquare Parts of the Freeze that are contained be- 

. ween the Triglyphs, and receive their Names from the Greek Meta and Ope, be- 
tween three, which anciently was enriched with Oxes Skulls, Inſtruments of 8e 
tiſice, Trophies of War, Sc. | | | e 8 
2 | 5 
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Ler @ ng r be the Breadth of a Triglyph, which divide into 12 equal Parts, as 
at an, from which draw the Lines 17, 2 2, 3 t, Cc. which continue upyards 
through the Cornice unto i h, £7. and downwards through the "Tenia and Fillet _ 
of the Architrave ; make a and = z, each equal to 2 of the 12 Parts in à u, and 
draw the I. ine F 12 Parts, a 
e 977 the ere Lines c, de, e g, h m, ml, und o p, which will complete the 
| 1 as requi . * 5 % * ; das 
Hog To form the Drops under the Tenia of the Architrave. 
From the Points x 2, 4, 6, 8, 10, 12, draw Lines towards the Points? t, Cc. 
ſtopping them at the Fillet v wv, and they will form the Drops, as required. 
To form a Metop, ar n br a. ES Ore 
Maxs nb and ra, each equal to nr, and draw the Line b a, then ahr a is the 
Metope required. If it is required to make a hollow Pannel therein, as de i, 
divide r a in 6 Parts, and make the — about the Pannel equal to 1 of thoſe 
| Parts; alſo divide the Margin into 5 Parts, as at A e, and make the Breadth of 
the Molding within the nel _ to 1 of thoſe Parts; then drawing the 
Diagonals 5 i and ce, their Interſection is the Center, about which Place a F. 
or any ether Ornament at pleaſure. — a | 
Tv dividethe Cornice into its reſpedive Members, Fig. II. Plate XXIV. 
Tus Height of the Cornice being 3 Eighths of the whole Entablature, as afore- 
faid, divide the lower 1 into 3 Parts, give the lower 1 to the Height of the Cap- 
ping to the Triglyph ; divide the remaining Height equal to þ o in ee and 
the lower 1 thereof into 6, then the lower 1 js the Height of the Aſtragal under 
the Ovolo, and the next 4 is the Height of the Ovolo; the ſecond Part of bo 
being divided into 3, the loweſt 1 is the Height of the Bells or Drops, the next f ' 
of their Faſcia I. and the upper 1 divided into 3, the upper 1 is the Height of the 
Fillet, and the lower 2 of the Cyma Reverſa ; the third 1 of bo divided into 6, the 
upper 1 is the Height of the Fillet to the Corona, and the lower 5 is the Height 
the Corona; laſtly, the upper 1 of h o, divided into 4, the upper 1 is the Height 
of the Regula, and the lower 3 of the Cyma Reverſa. | ; 
Do determine the Projefions of the Members in this Cornice. | 
Tun Upright of the Column and Freeze x O S being before drawn, make x M. 
. to half the Height of the whole Entablature, and from any Part of the 
pright of the Freeze draw a Line, as O P, equal to the Projection * M, which 
divide into 4 equal Parts at 1 2 3; divide the aſt Part into 3 the firſt 1 is the 
Projection of the Tenia in Profile againſt the Return, and of the „ under 
the Ovolo, which divide into 4, the firſt 2 is the Projection of the Triglyph in 
return, the next 1 of the Capping to the Triglyph over the Freeze, _ of the 
Fillet, and Drops under the Tenia of the Architrave, | | 
THz remaining 2 Parts of the firſt 1 of O P, divided into 6, the firſt 3 terminates 
the Ovolo, and the next 1, the Platform K, againſt which the Mutules are placed. 
The 3d Diviſion of O P terminates the Fillet of the Cyma Reverſa, that crowns 
the Mutules, and this third Part divided into 3, and the laſt 1 into 3, the firſt 1 
terminates the projecting Mutule L. Laſtly, the laſt Part of OP equal to Q R, 
Gn: into 9, the firſt 4 terminate the Projection of the Corona, and the next 4 
its t. | | ; 
MuTvLes are a Kind of Modillions, that are always placed dicularly 
over the Triglyphs, to ſupport the Corona, as well of Pediments as o —_ or 
level Cornices, and whoſe Breadths are always equal to the Triglyphs, as exhibited 
in Plate XXVI. The Word Mutule comes from Mutuli, the Latin for Modillions, 
Tux Figure D E F G is the Plancere or Cieling, which the /talians call 72 
of a Mutule, whoſe Sides are each divided into 6 equal Parts, and parallel Lines 
drawn from them, divides the whole into 36 geometrical Squares, in whoſe , 
Centers the Drops or Bells are placed; and if from their Centers right Lines be 
drawn up to the projecting Mutule K L, they will be the central Lines, over 
which the 6 Drops between K and L are to be placed. T 
HE 


— re der hs 
=> b 


Ty 


W 


wy = > 0 


— 


R AS « 4% 


* : * 


\ 


Of ARCHITECTURE, | 117 


T. i central Lines of the Drops to H I the Mutule in Front, are determined 


2+. 


if three Triglyphs, as c d, 5 Diameters; if 4 Trig 


by the Continuatioa of the twelve Lines from the Triglyph, which alſo makes 


the Breadth of the Mutule equal to the Breadth of the Triglyph, vide Fig. IV. 
gc and 125 1 Male 


Plate XLIV. where e dab is a complete Mutule in Front, g. III. a M 


in Profile, divided as aforeſaid, whoſe Drops are drawn to the Points a, . 


at the Interſections of their central Lines, with the Line c d drawn through the 
midſt of the Faſcia a . ; | 


. In Plate XXV. are exhibited various Manners of making the Returns of the 
Planceres of the Dorick Cornice, wherein tis to be noted, that Fig. I. and V. 


which are Retùrns at external Ange have but 18 Bells or Drops each, accord - 
ing to Palladia, and Fig. II. which is a Return at an external Angle, has 36, as . 


at F. 2dly, That ſometimes Mutules are made ſquare, and ſhew but 28 B 


as at B and D, Fig. IV. which is a Return at an internal Angle, as Alſo is Fig. III. 
- whoſe ſhaded Parts AB GCE F G repreſent Parts of Columns, where 


tis ſeen, that the Mutules D E in Fig. III. D F in Fig. II. and B D in Fig. IV. 
Rand directly over their reſpective Columns. The Coffers or hollow Pannels. 


Fig. I. Examples of which are ww in Fee A, B, C, D, E, Plate XXXVIII. 
2 5 ROB. VI. | DE 
To determine the Intercolumniations of the Dorick Order. 


Operation. As the Breadth of a Triglyph is always equal to 30 Minutes, and 


the Breadth of a Metope to ox ogy therefore the Sum of the Minutes con- 
tained in the Triglyphs and Metopes, that are required between the central 
Lines of two Columns, is always the Intercolumniation, or Diſtance at which 
the Columns are to be placed. Therefore to have 1 Triglyph between, as 
a b, or e f, Fig. II. Plate XXVII. the Diſtance muſt be two Diameters, 30 
Minutes; if 2 Triglyphs between, as 6 c, and de, 3 Diameters, 45 Minutes z 
* as over each of the 
Arcades, Fig. A B C, Cc. 6 Diameters, 15 Minutes, c. Hence tis plain, 
that in the making of Frontiſpieces, c. to any given 2 the Breadth 
canpot be confined; and therefore when ſuch a Caſe ; rea: the Triglyphs and 
Matules muſt be omitted; and the Diſtance between the Columns ſhould not ex- 
ceed 4 Diameters. as LR EC . e | 
In Plate XXVI. Fig. I. and II. are Deſigns of Doors, the firſt with a ſquare 


amples, as alſo is Fig. III. which is half of an Arcade on a Pedeſtal. | 
ig. IV. is the Dorick Impoſt at large, whoſe Height, a 6, divided into 3, the 
lower 1 is the Height of the Neck, the upper i divided into 4, the upper 1 is the 
Height of the Fillet or Regula, and tie tower 2 of the Faſcia, "The middle 1, 
divided into 3, the upper 2 is the Height of the Ovolo ; and the lower 1 divided 
into 3, the upper 2 is the Aſtragal, and the lower r its Fillet. The Diſtance à i, 
repreſents the Breadth of the Pilaſter, and i / its upright. Make i h, the Pro- 
jection, equal to one third of ai, Make 3 g equal to i , which divide into 


EA B C in Fg, II. and A C in Fig. IV. are to be enriched with Roſes, as A, 


Head, with both circular and pitched Pediments over it, the other with a Semi- | 
circular Head, with a Balluſtrade and pitched Pediment, which are given for Ex- 


4, then the firſt one determines the Projection of the two Fillets, to the two 


Aftragals ; the third Part the Oyolo ; and half the laſt Part, the Faſcia of the 


' Abacus. 


Tas Depth of the Aſtragal þ d is equal to half the Height of the Neck, 
divided into 3, give 2 to the Aſtragal, and 1 to the Fillet. In Plate XXVII. 
Fig. I. is a Colonnade; Fig. II. a Portico; Fig. A B C D E Arcades, with 
ſingle Columns, and Columns in Pairs, and FG H I K, are ruſticated Arcades, 
which are given as Examples for Practice. | hs e 
i Examples for Practice in the Dorick Order. 

I. The Height of the Dorick Architrave being given, to find the Height of the Freeze, 

and of the Carnice. RuLe, Divide the Height of the Architrave into 2 equal 


Parts; make the Height of the Freeze, and of the Cornice, each equal to 3 of 
. thole Parts, | | 3 | | SN Wa 
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II. The Height of the Dorick Cornice being given, to find the Height of the Archi- 


| trave, and of the Freeze. ' Ruuz, Diyide the Height of the Cornice into 3 equal 


Parts; make the Height of the Freeze to the Height of the Cornice; and 
- Cn Hier tt thi - of the NO 4 | 1 
III. - Height o rick Cornice being given, to the Diameter of t 
Column. Tons Divide the Height of the 3 wy equal Parts, and 41h 
the Diameter equal to 4 of thoſe Parts. 88 OE 

IV. The Diameter of a Dorick Column being given, to find the Height of the 
Dorick Cornice. Rur, Divide the Diameter into 4 equal Parts, and make the 


| Height of the Cornice _ to 3 of thoſe Parts. 


« The Height of the Dorick Architrave being given, to find the Diameter of the 
Column. Rox, Double the Height of the Architrave, and twill be equal to the 
Diameter required. | | „%%% PELET e. TH: 
VI. The Height of the Dorick Entablature being given, to find the Height of the 
Capital. Rur, Divide the Height of the Entablature into 4 Parts, and make 
the Height of the Capital equal to 1 of thoſe Parts; and fo on the contrary, if 
the Height of the Capital was given, and the Height of the Entablature required, 
= <1 more than to make the Entablature equal to 4 times the Height of the 
api 1 | 
II. The Height of the Entablature and Capital being given, to find the Diameter. 


Roux, Divide the Height of the Capital and Entablature into 10 Parts, and take 


4 of thoſe Parts for the Diameter required. 


Is 5 LECT. MI. | | 

Of the particular Parts of the Ioviex OxbEx, proportioned by Modules and Minutes, 
5 ing to Anpata PALLanio, and by equal Parts, compoſed from the Maſters 
© ations, | | a 
HE rincipal Parts of this Order are exhibited by 2 2 3 Plate XXVIII. 
I 


I. and the particular Parts by. Fig. I. and II. Plate XXIX. which in general 
are 8 as che receding Orders. ä al 


PAO B. I. Fig. II. Plate, XXXII. 
To proportion the Heights of the * Parts of the Tonick Order, by equal 
| arts. 


aer, Divide 4 t, equal to the given Height, into 5 equal Parts; give the 
lower 1 to / s, the Height of the Pedeftal. ndly, divide à m, equal to the 


Remains, into 6 equal Parts; give the: u 1 to the Height of the Entablature, 
and the lower 5 to the Height of the Colum I 


n, which being divided into g equal 
Parts, take 1 for the Diameter of the Column. 1 — . 
: Pros. II. Fig. IV. Plate XXVIII. 
To divide the Tonick | Pedeſtal into its 2 Parts, and them into their reſpeRive 
embers. : | : 
Fixsr, Draw g w for the baſe Line, and s wv for the central Line. Secondly, _ 


| . Divide: g, equal to 5 wv the giyen Height, into 4 equal Parts; give half the upper 
1 to the Height of the Cornice, and the lower 1 to the Height of the Plinth. 


Divide 9 þ equal to the ſecond Part, into 3 Parts, and the lower 1 equal to y, 
into 8 Parts; give the upper 2 to the Cavetto, half the next 1 to its Fillet, the 
lower i to the Fillet on the Plinth, and the Remains ta the inverted Cyma. 
Thirdly, Divide & =, equal to the Height of the Cornice, into 4 equal Parts, the 
lower 1 divided into 3, the upper 1 is the Height of the Aftragal, half the next 


the Height of the Fillet, and the Remains is the Height of the Cavetto. The 


ſecond Part of In, is the Height of the Ovolo, the next 1 of the Platform or 
Faſcia, and the upper 1 divided into 3, the upper 1 is the Height of the Fillet, 

and the lower 2 of e Cyma Reverſa. | | 

; To determine the ProjeRiens of the Moldings. . 
Tur Diameter being before found, by Pros. I. hereof, divide it into 6 
equal Parts, and draw mr, parallel to s wv, at the Diſtance of 4 Parts. Make 
y x, the Projection of the Plinth, and m „ the Cornice, equal toy x, and _ 
>. | a, 


' > . # 
* 


* 


, © ng. - 


"IR _ Us, parallel to m . In any place againſt the Upright of the Dado, as at 8, | RE, 
ual drr a b, equal to a y, which divide into 7 equal Parts. The firſt 1 terminates 
nd dee Projection of the Platform or Faſcia of the Cornice, the next 1 the Ovolo, ' 

8 the third 1 the Cavettos to both Baſe and Cornice; and which being divided , / 
the into 3, as cd, or g 5, the laſt 1 terminates their Bottoms, then half che n 
ke - — od es the Fillet à on the Plinth, which completes the whole, as required, 
1 7. dvide the Height of the Tonick Cm f Boſe, Shaft, and Capital, 
he . 20 the Height of t oni into iti 4, » ta, F 3 _— 

5 Tus Height 5 n, equal to C being divided — arts, give half the | — 
the lower 1 to the Height of the Baſe. Divide i g, equal to the upper 1, into 6 Parts, . | 
be” -. | 275 the u par 4 Parts to the Height of the Capital, the Remains between is the 
t o Shaf * MO, | F 8 
the N = Pao», IV. Fig. IV. Plate XXIX.. . DT 
* To divide the Baſe 7 the lonick Column into its reſpective Memberr. 8 
4 Daa o & for the Baſe Line, anda © for the central Line. Divide 4 m, equal 
* to the given Height, into 3 Parts. Divide n /, equal to the middle Part, into 6 ; 
then the lower 1, with the lower 1 Part of & n, is the Height of the Plinth, the 

| | next 1, the Height of the Fillet, and the upper 4 of the Scotia. Divide the. 9 
of upper 1 of 4 m, into 2 Parts; divide i #, equal to the lower 1, into 3 Parts, and b 

6 give I to the Fillet under the Torus ; the upper 2, with the upper 1 of /, is the 


eight of the Torus. Make c d, the Height of the Cincture, equal to one 4th 

of fg. To determine the ProjeFures. Draw. f p, parallel to a o, at the Diſtance of 

. half the Diameter before found. Divide o p into three Parts, and make p x, the 
T8 Projection of the Plinth, equal to 1 Part. Divide p into 3 Parts, then the 


firſt 1 terminates the Projection of the Fillet v, the Center of the Torus a, and 


+ RE the CinQture x. Biſect the laſt Part in r, which terminates the Projection of the 7 4 
ra! Fillet 2, and completes the whole, as required. 1 
N 8 5 Paas V. 3 5 
| Do dividethe Height of the Ionick Capital into ray as Members. | 5 
Da the Line 17, 19, repreſent the Top of the Aſtragal, to the Shaft ' 
he | of the Column, and 17 11 for the central Line. Divide r g, equal to the given | | 
Hh Height, into 4 equal. Parts ; then the upper 3 of thoſe Parts is the Height of ' _ 
re, the Volute and Abacus. Divide the upper 1 Part into 8 Parts; give the upper 32 
al to the Ovolo, the next 1 to the Fillet, and the lower 4 to the Faſcia. Divide 


FE L M, the Height of the Volute, into 8 Parts; make the Height of the Ovolo 
equal to the fifth and ſixth Parts, the Aſtragal under it, to the fourth Part, and 


Ve the Fillet under that, te the upper half of the third Part. Make t, the 
Height of the Aſtragal on the Shaft, equal-to one eighth Part of 7 g, which di- 

ys -- vide into 3 Parts, and give 2 to the Aſtragal, and one to the Fillet. | 
er 3 3 Po h | "oh * 
h. - | To determine their Projeftions. | 

5 Coxrixus the central Line towards I at pleaſure, and in any Part of it, as 
e at I, draw a Line at right Angles, as I K, equal to three fourths of the Diame- 
a. ter, which divide into 9g equal Parts, each equal to 5 Minütes. Draw the Up- 
he right of the Column, at 25 Minutes Diftance, parallel to the central Line, 
xt | all the Line 13, zo, at 30 Minutes Diſtance, which terminates the Projection 
he of the Aſtragal on the Shaft, and the Aſtragal to the Capital, whoſe End = 
or at 13 is the Eye of the Volute. Biſect the Height of the Aſtragal to the Ca- . 
ety _ vital, and draw its central Line 12, 29. Divide the Diſtance between 2 5 and | 
| | 30, in I K, into 3 equal Parts, and the ſecond Part draw the Line 2, 
IS 22, 16, parallel to the central Line, which will terminate the Projections of . 

6 the two Fillets at 22 and 16, and being continued, will interſect the cen- 
ke tral Line of the Aſtragal 12, 13, in the Center of the Eye of the Volute. 3 
V2 | Make 11, 10, in the Capital, equal to 35 Minutes of I K, for the Projec- 6 9 
* n | 5 4 ke 555 "4 


. \ 
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tion of the Ovolo. From the Points 40 and 45, in i l, draw the Lines N 40s 
and O K, parallel to the central Line, which will terminate the Projections 

of the Angles of the Abacus. In any Places, as at a6, and c d, draw two Lines, 
28 4 6, — d, between the afore-drawn outward parallel Lines. Divide a& - 
into 5 Parts, and cd into 2 Parts; then the third and 4th Parts of à & terminate 
the Projection of the Faſcia and Fillet, the Abacus in Front, and half c 4 the 
Fillet of the returned Abacus; and as the Abacus of this Capital is made cir- 
eular on each Side, as in the 88 Plan underneath, tis neceſſary to ſne how to 
deſcribe the ſame. The aforeſaid Lines, for finding the Projection of the Capital, 
being deſcribed, through any Part of the central Line, as at the Point 18, draw 
the Line Z 18 X, at right Angles, and make 18 Z equal to 18 X. On the 
Points Z and X, with the Radius Z X, make the equilateral Section F, on which, 
with the Radius F 32, deſcribe the Arch 31, 32. Make 31 P equal to 11 
10, the Projection of the Ovolo under the Abacus, then the Point P is the. 
Center of the Plan; whereon, with the Radius 31 P, deſcribe the Quadrant 
21, 4. Ina whole Plan of a Capital, continue the Lines 31 P, and P 4, the two 
Semi-diameters, out both ways at pleaſure, and thereon ſet the Diſtance FT, 
which will give you the other 3 Centers, on which the Arches of the other 3 
Sides may be deſcribed; on the Center P, with the Radius s, equal to the Up- 
right of the Shaft, the Projection of the Aſtragal, and of its Fillet, deſcribe the 
Arches 1 2 3; laſtly, make X 33 equal to X 32, draw the Line 32, 33, whereon 
deſcribe the equilateral Triangle 32, 33, 34, whoſe Sides will be interſected by 
the Arches deſcribed on the euer F, Sc. and then right Lines being drawn 
fron one oy ag Interſection to the other, and the like being performed at 

of the four Angles of the.Capital, the Plan will be com ed, 1 
Hy next Work in order to complete the Capital is to bride its Volutes, 
which may be done by either of the Ellowin Problems. 8 | 

KY IN By PR OB. VI. Fig. P. Plate - * 3 2th 

| To deſcribe the Ionick Yolute. 

Lr a i be the given Height. 

Divips the given Height into 8 equal Parts at the Points b c d ef g b, which 
are alſo numbered, 1 2 3 4 567; biſect the 5th Diviſion ef in x, and on * 
with the Radius e deſcribe a Circle, as wv e v 1 which is the Eye of the Volute. 
Through x draw the Line 20 v, at right Angles to a f, and then complete the 

metrical Square m e v/, and biſect its Sides in the Points 1 2 3 4. Draw the 
iameters 2 4, and 1 3; and divide each Semi- diameter into three equal Parts at 
the Points 1234 5 67891011 12, which are the Centers on which the Con- 
tour or Outline of the Volute is to be deſcribed, as following, viz. the Point 1 
is the Center of the Arch a #, the Point 2 of the Arch Ii, the Point 3 of the 
Arch i /, the Point 4 of the Arch /c, the Point 5 of the Arch n, the Point 
6 of the Arch o, the Point 7 of the Arch op, the Point 8 of the Arch 5 9. 
the Point 9 of the Arch gr, the Point 10 of the Arch rs, the Point r1 of the 
Arch gt, and the Point 12 of the Arch e. 
| To deſcribe the inwverd Line, which diminiſhes the Liſt. 

Divips each third Part of every Semi-diameter of the geometrical 'Square 
eve vf into 5 equal Parts, as is done in Fig. L, which is the Eye of the Volute 
at large. The firſt one, within each of the aforeſaid 12 Centers, are the Centers 
for deſcribing of the inward Line, which Centers are numbered, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24 1 

„„ . Ag. 1, Plate . 

5 To deſcribe the Ionick Volute a ſecond Way. 
Let Ks be the given Height. : . 
, Divide the given Height into 8 equal Parts, and in the fifth Dlviſion de- 

ſeribe the Eye of the Volute as in the preceding. 

THrovGn E the Center, draw the my 2 FE F 6, alſo draw the oblique Lines 
I, 5, and 7, 3, each at 45 Degrees Diſtance from the Linca F Ed 4, which is 
called the Cath-tus. ' | 

_ Secondly, 


: 


N 


* 
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FSceondliy, Draw B A, Fig. II. equlto Parts and a half; on A ere& the Per- 


pendicular A C, which make equal to 4 Parts and half, and draw the Line E B, 


* 


on A; with the Radius equal to half a Part, vis. equal to E 24, in Fig. I. de- 
ſcribe the Quadrant E g, and draw the Line g B on B; with che Radi 


Maxk Et, Ea, E E 4, E 5, E 6, E, E 8, Sc. in Fig. II. equal to A 1, 
Ll 


A2, A3, A4, A 
Zyx. I. with the Dian 
which deſcribe the Arch a 1. On the Points 1 and 2, with the Diſtance 2 E, 


make a Section in the Eye as before, and thereon deſeribe the Arch 1, 2. On the 


Points 2 and 3, with the Diſtance 3 E, make a Section as before, whereon de- 
feribe the Arch 2, 3, proceed in like manner until the Outline be completed. 
. To diminiſh the Lift of the, Volute, 
Lr AF be its given Beate, dba : | 
Divive a F into 24 equal Parts, and make 1 @ equal to 23 Parts of à F; 285 
to 22 Parts; 3 c to 21 Parts; 4d to 20 Parts; 5 e to 19 Parts;,6 / to 18 Parts, 
Sc. Proceed then to find Sections for the ſeveral Arches, which paſs through the 


Points a bc d, c. as was done for the outward Arch 1, 2, 3, 4, 5, Sec. an they 


will complete the diminiſhed Liſt as required. . 


Tux Ionick Volute was anciently deſcribed by fix Centers, as follows, Fig. III. | 


Plate XIII. 
Surrosz @ f to be the given Height, EM 25 
Divips the given Height into 8 equal Parts, and make the Eye equal to the 
Sth Diviſion, as in the preceding Examples. | 


Divive the Height of the Eye into 6 equal Parts, as at the Points 1,3, 5, 6 


= 


4. 2, which are the Centers on 


which you may deſcribe the Outline as 
ES. 14 429 e 
[ 2 f 4%, | whichtogether form 


On the 


2 . | 
] 3 \ with the l deſcribe the b 88 
Point | ; | Radius f. Semi- eirele 5 - Vat 546 2 — ry ip 
6 4 6d dm1 


„ To deſeribe the inward Line of this Volute. | | 
Divio each 6th Part of the Eye into 4 equal Parts (as in Fig. A, which is 
the Eye of the Volute enlarged, for the better underſtanding of the Situation of 


the Centers), and take the next inward ones for the ſix other Centers, on which 


* 


you may deſeribe the inward Line, as required. 


Note. It is beſt to begin the deſcribing of this inward Line at the Eye, and | 


work outwards; for if any Miſtake ſhould happen in - Practice, *tis much eaſier 


reQtified in the outward Parts than in the inward, where the Parts are nearer to- 


ether. 
F N | POB. VIII. Fig. N. Plate XII. oY 
| To deſcribe an E _ cal Volute of any Height and Breadth require 
Lr In be the given Height, and fe the given Breadth. 


Methods, deſcribe a Volute, as Fig. H, 


Fixsr, by either of the precedin 
Height, and its Breadth is always equal to 


whofe Height is equal to the 8 
Z of its Height, therefore ma 
F 6b each into 8 equal Parts, and the Lines a & and e / each into 7 equal Parts, 
and draw the horizontal and perpendicular Lines, which will form 56 geometri- 
cal Squares. Secondly, Complete the Parallelogram / eh a, ry its Height 
and Breadth equal to the Height and Breadth given. Divide fd 


into 8 equal Parts; alſo f e and h a into 7 equal Parts, and then drawing the 


| ſeveral horizontal and perpendicular Lines, as in Fig. H, you will form 56 Pa- 
rallelograms. Now as the Parts of the elliptical Volute muſt habe the ſame 
Heights as the like Parts in the circular Volute ; therefore make the . 

| 5 | 4 


ius B g de- 
ſeribe the Arch D, which divide into 24 equal Parts, through which — 3 
draw right - Lines to meet the Tangent Line C A in the Points 1, 2, 3, 4, 5, Se. 


6, A, A8, Se. la Fig. I. On the Points à and 1, in 
ce 1 E, make a Section within the Eye of the Volute, on 


e, and a b equal to ; of ea. Divide e 4 and 


and ea each 


. * 
» 
— 7 2 n 
— —— — ͤ . # — = 
* 
» - \ » ERS — rr = 
= 4 * Ws $A a 
= o * [ 9 — — — — * 
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dehpihehprity bs Fi. in Fig. N, equal to the Ordinates d « 5 5. 


1 f, e 1 Þ» 7, ty y, Se. in 


N will affect the 56 Parallelograms in the very ſame manner as the circular Vo- 

- , Jute H doth the 56 geometrical Squares: and as what is here ſaid of the outward 

Line is to be 4115 underſtood of the inward; therefore, when you have found 

all the preceding Points through which .the Curves are to paſs, apply unto them 
a thin pliable Ruler, or with a free Hand trace their Curves, as required. | 

Tuts Ornament is called a Volute, from the Latin Yoluta, d vo as that 


it ſeems to de rolled upon an Axis or Staff; and the Eye is by ſome, from the 


Latin, called Oculus. Pe | 
Pros. IX. Fig. III. Plate XXIX. 


To divide the Height of the Ionick Emiablature into its Architrave, F, . and Cor- 
nice, and them into their reſpedi ve Meuser. Os 


Drv1vs 4 x equal to the given Height, into 10 equal Parts, give 3 to the 
Height of the Architrave, 3 to the Height of the Freeze, and 4 to the Height | 


of the Cornice. | : 
» ö To divide the Architrave. - 5 3 
Divms the lower 1 of the Architrave into 4 Parts, give the 1 1 to the 
Bead, aud lower 3 to the ſmall Faſcia. Divide the upper 1 into 4 give the 


upper 1 to the Tenia, the next 2 to the Cyma Reve 
at Faſcia ; make D H the Projection of the Tenia equal to the Height of the 


enia and Cyma Reverſa, which divide into 3 Parts, and give the firſt 1 to the 


ProſeQtion of the great Faſcia. - | 
Div CD, the Height of the Freeze, into 4 equal Parts, and on the Points 


C and D, with the Radius of 3 Parts, make the Section E, on which, with the 


ing Fr ceze. 


Radius E D, deſcribe the ſwe 
To divide the Cornice. 


Tus 5 of the Cornice er of four Parts, divide 5 þ to the 


two lower Parts into 3 Parts, and the lower and upper Parts thereof each into 
6 Parts, as 4 mand i & ; give the lower 5 of i to the Height of the Cavetto, 
and the upper 1 to the Margin of the Denticule below the e Give the 
| For of h m to the Height of the Ovolo, and the lower 1 to its Fillet. 


Bie 5 
* Divide g f, equal to 1 Quarter Part of the Height of the Cornice, into 4 Parts, 


Hias the lower 3 Parts to the Height of the Corona, and the upper 1 to the 


eight of its Cyma Reverſa. Divide 5 n, equal to the upper 4th Part of the Cor- 
nice, into 4 Parts, give the upper 1 to the Height of the Regula, and then dg, 


equal to the lower 1, being divided into three Parts, give the lower 1 to the Fillet 
between the two Cymas. And thus are the Heights of all the Members deter- 


- mined, 
. To determine their Prejecturec. . 
Tun e of the Column B C D 19 ſe before drawn, make B A the 

Projection of the Regula equal to B C the Height of the Cornice, and from any 

Part of C D, as from v, draw a right Line, as v w equal to B A, which divide 


into 4 equal Parts; divide c d, equal to the 2d Part, into 6 Parts, and a 6, equal 


to the iſt Part of v , and the 1 Part of c d, into 5 Parts; then half the 1 
Part of a 6 terminates the Projection of the Foot of the Cavetto, the 3d Part of 
the Denticule, and I of the next of its Fillet. Half the ad Part of c d 1 


the Projection of the Ovelo, and the 3d Part of v the Projection of the Co- 


ona: Divide WG equal to the 4th Part of v , into 4 Parts, the firſt 1 termi- 

nates the Projection of the Fillet between the two Cymas. 0 

=o To divide the Dentules. ; 

Div1vx x y into 10 Parts, and y & into 3 Parts, give 2 Parts to the Breadth of 
each Dentule, and 1 Part to each Interval between them. And thus are all the 
Parts of the Order proportioned, as required. \ 1 EF 

'F PRO R. X. Plate XXX. and XXXI. . 

To determine the Intercolumniations of the Ionick Order. 


Ir is to be obſerved, That although Dentulcs properly belong to the Ionic 2 
er. > 


Fig. H, and then every Part of the elliptical Volu'e _ 


a, and the Remains to the 


1 
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der, yet Palladio und ſome other Maſters exclude them, and introduce Modltlions 
in their Stead ; and therefore, as the Intercolumniations of the Dorick Order are 
determined by the Number of Triglyphs, fo here in this Order the Intercolum- 
niations-are determined by the Number of Modillions, or Dentules, that are re- 
quired to be placed bet᷑ween them. SO Hes 72 8 

Firſt, To determine Intercolumniations when Modillions are ompleyed. 
Tus Diſtance between the central Lines of Modillions is either 30 or 32 Min. 
Palladio makes them 32 Minutes, and the Breadth of each Modillion 10 Minutes. 
When the Diſtance and Number of Modillions is reſolved on, the Intercolumnia- 
tions are eaſily found by this RuLe, vis. As many Modillions as are required 
between the central Lines of any Columns, add ſo many times 30 or 32 Minutes 
together, and their total Sum is the Intercolumniation, or Diſtance at which the 
central Lines of the Columns are to be placed: Therefore, taking 30 or 32 Mi- 
nutes in your Compaſſes, ſet that Diſtance from one central Line towards the 
other, as many times as there are Modillions required; and if every 30 or 32 Mi- 
nutes be lem bees, as one Part, and as the Breadth of a Modillion is 10 Minutes, 
therefore ſetting 5 Minutes on both Sides of every Part ſo ſet off, they will de- 
termine the Breadth of every Modillion in their reſpective Places. When the Di- 
ſtance of Modillions is. fixed at 32 Minutes, to have 3 Madillions between thoſe 
over the central Lines of each Column, the Diſtance between the central Lanes 
muſt be 128 Minutes, equal to 4 times 32, or 2 Diameters 8 Minutes : If 5 Mo- 

- dilliong, then 192 Minutes, equal to 6 times 32, or 3 Diameters 12 Minutes: If 

7 Modillions, then 256 Minutes, equal to 8 times 32, or 4 Diameters and 16 Mi- 
nutes: If 9 Modillions, then 320 Minutes, equal to 10 times 3a, or 5 Diameters 
and 20 Minutes, Nc. 8 1 | | 
Is Fig. I. II. and V. Plate XXX. are three Examples, wherein Fig. I. contains 
13 Parts or Modillions, and Fig. II. and V. 14 each, whoſe Modillions are at 30 
Minutes Diſtance, as is ſeen by the Number of Diameters contained in their re- 
ſpective Intercolumnĩations. f 3 
In Plate XXXI. Fig. I. is exhibited the Intercolumniation for the Colonnade, 
Whoſe Columns are at 3 Diameters, 44 Minutes Diftance, not 45 Minutes, as in- 
ſerted in the Plate by Miſtake of the Engraver, and have 7 Modillions between 
the central Lines of every two Columns each, at 32 Minutes Diſtance between 
their central Lines. The Portico, Fig. II. and the Arcades, Fig. III. and IV. 
have their Intercolumniations proportioned, ſo as to have the Diſtances of the 
central Lines of their Modillious each 30 Minutes, 4 


— 


5 ndly, To proportion [ntercolumniations wvhen Dentules are employed, Fig. III. 
| | Plate XIX. | 
As x y is equal to 25 Minutes, and being divided into 10 Parts, as aforeſaid, 
two of which is the Breadth of a Dentule, and 1 of an Interval; tis therefore 
evident, that each Part is equal to two Minutes and a half: And therefore to 
make the Diviſion of Dentules eaſy, the Diſtance between the central Lines of 
Columns muſt always contain ſome Number of Parts, each of five Minutes, as 
the Occaſion may require; as one Diameter and +, wherein there are 18. ſuch 
Parts; or 4 Diameters, wherein there are 48 ſuch Parts; and 5 Diameters, 60 ſuch 
Parts, as in the ſeveral Intercolumniations of the Portico, Fig. II. Plate XXXI. 
Now, if each of theſe Parts be divided into 2 Parts, then each Part will be equal 
to 2 Minutes and a half; and then giving 2 of thoſe Parts to the Breadth of each 
Dentule, and 1 to each Interval, the whole will be completed, as required. - 
Note, the raking Dentules, in all Kinds of Pediments, muſt ſtand exactly over 
thoſe in the level Garuics, in the very ſame Manner as the Mutules in the Dorick 
Order. The like is alſo to be obſerved of Modillions ; and as Modillians are always 
— a Cyma Reverſa, or ſome other Molding, whoſe Curvatures, or 
Molds, on the upper and lower Sides, are both different from thoſe of the Front 
raking Molding; I muſt, before I proceed any further, ſhew how to deſcribe 
thoſe returned ings to the Caps of raking Modillions. : 


Pros. 


124 Of ARCHITECTURE. 


P O B. I. Fig. I. II. III. Plate XV. | 
To deſcribe the returned Moldings of the Caps of raking Modillions in Pediments.' 
J, Surrosz the Ovolo C, Fig. III. to be the raking Molding in Front, with 
which a raking Modillion is to be capped ; draw the Chord Line a e, and divide 
it into any Number of equal Parts, — 8, as at the Points 2, 4, 6, 8, 10, 
c. and from them draw the Ordinates 1, 23 3, 43 5, 6; Sc. 2dly, Suppoſe 
| the Lines 5 4 and i c to be the Bounds of the Front raking Ovolo, and let the 
Line y i repreſent the upper Side of a raking Modillion, and df its lower Side. 
From the Point y draw the horizontal Line = y, and from the Point o, the Line 
o p make o p, and n y, each equal to @ b, the Projection of the Front Ovolo, and 
through the Points = and p draw the perpendicular Lines h /and ep/, cutting the 
upper Line 5 b, in 5, and e, draw the two Chord Lines h i and f e, and divide 
each into the ſame Number of equal Parts, as the Chord Line a c, and from thoſe 
Parts draw Ordinates equal to the Ordinates in C. Through the Points 1, 3, 5, 7, 
Cc. in Fig. A and B, trace the Curves 5h 7 i, and f 7 e, which are the true Curves 
of the returned Moldings on the upper and lower Side of the Modillion, as required. 
' Note, The ſame Method of working will find the Curvatures of all other Kinds 
of returned Moldings ; as for Example, when the Front Molding is a Cavetto, 
as C, Fig. II. then A and B are the upper and lower Mold, or when a Cyma 
Reverſa, as C, Fig. I. where A is the upper, and B the lower, as in the two other 
Examples. | Nö ; 
Pros. XII. | 
To proportion the Tonitk Frontiſpieces, Colonnades, Porticos and Arcades. 

As by the Practice of the two preceding Orders, it is very reaſonable to believe 
that my Reader is now capable of inſpecting into this and the' two ſucceed- 
ing Orders, that is, to madly underſtand what is meant by the Meaſures affixed 
to each Part with reſpect tothe Intercolumniations, Number of Modillions, Breadth 
of Pilaſters, Height of Impoſts, &', I ſhall therefore only explain the Impoſts, 

| Fig. VI. Plate XXX. and then recommend him to the ſeveral Figures in Plate 
XXX. and XXXI. for his further Practice. 6 


| To proportion the Tonick Impoſt Ty equal Parte. 1 

Divine à l, its given Height, into 3 3 lower 1 is the Height 

of the Neck. The lower Half of the middle Part divided into 4, the upper 1 is 

the Height of the Fillet, and the lower 3 of the Cavetto; the upper Half is the 

Height of the Ovolo, as is the lower Half of the upper 1, the Height of the Faſ- 

cia. Divide the upper Half into 3 Parts; give the upper 1 to the Regula or 
-upper Fillet ; and the lower 2 to the Cyma Reverſa. e 


5 £ To determine their Projectiont. | 
Ler a 6 repreſent the Breadth of the Pilaſter, and 5 % the Upright thereof; 
divide o p, equal to the Breadth of the Pilaſter, into 3 Parts at ? and v, make pr 
equal to p v, divide 5 into 3 Parts at x and r, and make r g equal to s r. en 
& determines the Projection of the Cavetto, half r the Gro o, pr the Faſcia, 
and þ 9 the Regula. The Aſtragal is determined in its Height and Projection, 
as that of the Dorick. | 5 : of 
Tax Height of the Impoſt in Fig. II. Plate XXX. is two thirds of the Height 
of the Column and Sub-baſe, but in Fig. V. tis at three Times the Height of the 
whole Pedeftal, and the Key-ſtones, in both Examples, are one 15th Part of the 
Semi-circle. The length of Key-ſtones is Wenn made equal to 1 Diameter, 
and their Depth below the Architrave is always at pleaſure; but moſt generally 
about & or Z of their Breadth, at the lower Part of the Architrave. Is Plate 
XXXI. Figures A B C D, are two Varieties of Conſoles or Key-ſtones, in Front 
and Profile, which may be uſed in the Ionick, Corinthian, or Compoſite Arches 
at. Diſcretion. | | | 
* The Ionick Impoſt by Anpaza PaLLanio is exhibited by Fig. D, Plate 


Pos. 


e 15 9 1 8 ; 
* 
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; To proportion the Dorick and Ionick. Cornices, to the Height of any Room, &c. 
Fs r, The Doric Cornice. Divide the given Height into 30 equal Parte, 
and give 3 of thoſe Parts to the Height of the Cornice, which is conſidered as 
the Cornice to an entire Order. But being conſidered as 4 Cornice to an Enta+ | 
blature on a Column, without a Pedeſtal, then dividethe Height into 40 equal - 
Parts, and give 3 to the Height of the Cornice. Secondly, the /onich Cormce.. 
To find the Height of a Cornice to an entire Order. Divide the Height of the 
Rooms-into 75 Parts, and give the upper 4 to the Height of the Cornice- re- 
uired. To fd the Height of the Cornice Y an” E on a Column ang. 
| Divide the Height of the Room into 60 and give the upper 4 to the 
Height of the Cornice. ES k ED, 
. Examples for Practice in the Ionick Order. 7 I 
I. The Height of the Ionick Architrave' being given," to find the Height of the 
Freeze and of the Cornice. RuLs, Make the Height of the Freeze equal to the 
Height of the Architrave, divide the Height of the Architrave into 3 equal 
Parts, and make the Height of the Cornice equal to 4 of thoſe Parts. 
II. The Height of the Lonick Cornice being given, to find the Height of the Archjs 
trave and of the Freeze. Rur, Divide the Height of the Cornice into 4 equal” 


Parts, and make the Heights of the Architrave and of the Freeze, each to 


41. The tf he of the Tonick C given, to find he D 77 be 

III. eight of the Ionick Cornice being given, to find the Diameter of the _ 

Column. Rurz, a ſo is the t of the given Cornice, to the 
Dia re . j | i a 95 


IV. The Piana ef the Ionick Cohonn beidg given, . flad the Height ef th 
Ioniek Cornice. Rur k, As 50 is to 36, aye given ———— to the Height 
of the Cornice required. . | Me de Hel 5 8 

V. The Hei 1 np Ionick Architrave being given, to find the Diameter of the 
Column, Rurk, As 27 is to 50, ſo is the Height of the given Architrave, unto 
the Diameter required, r. ps, GE er 

VI. The Heig 2 Ionick Entablature being given, to find the Diameter of the 
Column, — 9 is to 5, ſo is the Height of the given Entablature, to the 

er uired. . * : : 2 

VII. -The Height of the Ionick Entablature being given, to find the Height of the 
Capital of 20 Minutes in Height, according % Andxza PaLLapio. Runs, As 
27 isto 5, ſo is the given Height of an Entablature, to the Height of the Capi- 
tal required, and which being doubl& is the Height of the Clipital of 20 Minutes, 
as given in Fig. IT. Plate X XVIII. | RB 

VII. The Height of the Ionick Entablature and Capital according to PALLavio 
being given, io find the Diameter. RuLs, As 37 is to 1s, ſo is the given Height 
of the Capital and Entablature, to the Diameter required. | | 


| LECT... o., | 
Of proportioning the particular Parts of the Corinthian Order, by Modules and Mi. 
C 2 —. 5 to ANDREA ants, and by equal Pare, compoſed from the 
Maflers of all Nations. | | | 

IGWRE'I. Plate XXXII. exhibits the Proportions and Meaſures of all 
the principal Parts of this Order, by Andrea Palladio, and Fig. III. the 
particular Parts of the Pedeſtal. Tig. I. and II. Plate XXXIII. exhibit the 
rticular Parts of the Baſe to the Column, with its Capital and Entablature, which 
hang in general determined by Modules and Minutes, nothing more, with re- 
to the Formation of their Parts, need be ſaid, and therefore I ſhall proceed 

to the Diviſion of this Order, by equal Parts. | 
1 Gag POB. I. Fig. II. Plate XXXII. | 
To proportion the principal Parts FA 1 Corinthian Order, unto any given 
. a . 

, * R 5 b - 


Divipz 
/ 


by 


— * 
8 
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Divids d, equal to Iz the given Height, into 5 equal Parts; the Jower 
1 is the Height of the Pedefial. Divide c, equal to ir the remaining Part, 
into 6 equal Parts; the upper 1 is the Height of the Entablature, the lower 5 
2+ the Height of the Column, and which being divided into 10 equal Parts, 
take 1 for the , nw of the Column, which divide into 60 Minutes, viz. 
Firſt, into 6 equal Parts, which will each contain 10 Minutes, and then the firſt 
one of them into 10 Parts. 41 | 4 1 
| PI B. II. Fig. IV. Plate XXXII. 2 5 
To dvide the Height of the Corinthian Pedefal into its Baſe, Die and Cornice, and 
| _ them into their reſpective Meaſures. x 
Io proportion and divide the Baſe, draw mA, the baſe Line, and þ c, the 
central Line. Divide / 4, equal to c & the given Height, into. 4 equal Parts. 
Divide dee, equal to the ſecond Part, into 3 Parts; and c x, equal to the 
lower 1 Part, — 4 Parts, and make & a, x y, and « ww, each equal to 1 of 
thoſe Parts. Divide 5 à into 3 Parts, then the upper 2 is the * of the 
Cavetto F, and the lower 1 of its Fillet. The two middle Parts of c is the - 
Height of the inverted Cyma Recta G. Divide 20 y into 5 equal Paris; give 
5 | —— 1 to the Fillet of the Cyma, and the lower 4 to the IL orus H. The 
ö ns i 4 is the Height of the Plinth. 7e proportion and divide the Cornier. 
Make 5 g, equal to one 8th Part of f A, the whole Height of the Pedeftal 
for the Height of the Cornice, which divide into 6 equal Parts. Divide v 9, 
equal to the lower 1 of 4 g, into 3 Parts; give the lower 2 to the Cavetto, 
and che upper 1 to its. Fillet. Pivide o p, equal to the third. divided Part of 
he, into 3 Parts; give the upper 1 to the Fillet, and the other 2, with the 
ſecond Part of + g, is the 33 the Cyma Recta. Divide & w, equal to the 
2 upper Parts — 1 g. into 6 equal Parts,” and give the ſecond Part below, 
to the Height of the Fillet on the Faſcia B. Divide the 2 upper Parts of 
& m into 3 equal Parte, as at i; give the upper 2 to the Regula, and the 
Remains is the Height of A, the Cyma Reverſa. To determine the ProjeAures of 
the Moldings. Draw the Line 6% parallel toc 4, at the Diftance of 42 Minutes 
of the Diameter before found. Make g h equal to g/, — the Point 
, draw the Line @ m, parallel to 57, which will determine the Projections of 
the Plinth I, and Cornice at a From any Point in d f, the Upright of the 
Dado or Die, draw a horizontal Line, as r s, which divide into 4 equal Parts; 
then the firſt 1 terminates the Fillet on the Torus and Faſcia in the Cornice 3 the 
third Part the two Cavettos in the, Baſe and Cornice, and one third of the laſt 
Part, the Feet of thèꝰ Cavettos. "195 7 
PRO B. III. Fig. II. Plate XXXII. ; 
To wivide the Height of the Corinthian Column into its Baſe, Shaft, and 
oY | Cap 75 ES 
The Diameter being found as before taught, let g + be the given Height. 
Make gr, the Height of the Baſe, equal to half the Diameter; alſo g /, equal 
to 70 Minutes, for the Height of the Capital; then / g the Remains is the 
Height of the Shaft, which is diminiſhed one 6th Part at J. IE 
PAO R. IV. Fig. IV. Plate XXXIII. 
To divide the = of the Corinthian Column into its reſpeAive Members. 
Dawn for the baſe Line, and 3 þ for the central Line. Divide, % 
equal to the given Height, into 3 equal Parts, the lower 1 is the Height 0 
the Plinth. Divide 3 g, equal to the 2 upper Parts of ab, into 4 Parts, the | 
upper 1 is the Height of the upper Torus. Divide e f; equal to the 3 lower 
Parts of bg, into 2 Parts, the lower 1 is the Height of the lower Torus. Di- 
vide de, equal to the upper 1 of 3 equal Parts, the upper and lower 
Parts is the Height of the two Fillets, and the middie 4 Parts of the Sco- 
tia. Draw the Line v /, parallel to i , at 30 Minutes Diſtance, for the Up- | | 
right of the Column, make / m equal to 12 Minutes, and / = equal to two 
. third Parts of / m; then the Line þ n terminates the Projection of the Fillet 
| e, and the upper Torus p. Laſtly, the · Projection of the Cincture 2, and Fillet 
; c : 95 are 


[] 


* 
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are each equal nul to the 8 of the Center of the upper Toru 

zund by ſetting half the Height of the u Tojus nt towards the central 
Line. This Bale is that which is called the Attic Baſe. Kos 
C Pao R. V. Plate XXXV. . 

Po divide the Height of the Corinthian Capital, into itt refteftive Members. 


Ler A; I be the central Line, and A B the given Height, Through the Points 


A and B, draw the Linea Ax, aud 6 B y, at right Angles to A B. At any 
Diſtance below the Point B, draw the Line OP OR, parallel to 3 By On any 
Side of the central Line A B, draw the Line 2, pry, to A B, at ſuch a 
Diſtance, as to be clear of the Projection of the Abacus. Divide 2 y into 
— Parts, as at the Points 1 2 345 6, then each Part will be equal to 10 

fAinutes, becauſe the whole Height of the Capital is 750 Minutes. Divide the 
ſecond, fourth, fifth, and ſixth Parts, each into 2 equal Parts, at the Points 
Z 4c and b, and from the Points ZYX 4 W © V T, draw right Lines paral- 
lel to 6 By, as 9 Z, p V, o X, nd, mW, Ie, I V, ib, ha, and T, which 
determines the Heights of the Leaves, Stalks, Helices, and Volutes. Divide 
the upper Part into 2, as on the left Hand Side, the lower 1 is the Height of the 
curved Faſcia of the Abacus; and the upper t, divided into 8g Parts: the 
lower 1 18 the Height of the Fillet, and . 5 of the Ovolo. Make p & 
the Height of the Aſtragal, equal to five Minutes, which divide into 3 Parts; 
give the upper 2 to the Height of the Aſtragal, and the lower 1 to the Height 


o 


of the Fillet ; and thus are the Heights of all the Members determined. 7 


determine the Projeftures. Make 25 P, and 25 Q; on the Line O R, each 
equal to 25 Minutes, which is equal to 2 Parts and half of = y; alſo make 
OP and QR, each equal to two Parts of z y or 20 Minutes. Through the Points 
O P, QR, draw. the Lines O a, Pg, Q n, and R ; then O a, and R x, 
will determine the Projections of the two Sides of the Abacus, and the Lines 
P g, and Qn, will be the two upright Lines of the Shaft of the Column. Di- 
2 — O 10, on the left Hand Side, into 8 equal Parts; then O «», the firſt three 
Parts, determines the Projection of the Fillet in the Abacus at 7; O x, the 
firſt 5 Parts, the Projection of the Faſcia at t, and Ovolo at 4; O y, the firſt 
6 Parts, the Projection of the Fillet at /; and O x, the firſt 7 Parts, the Pro- 
je&ion of the Faſcia at v. Make the Projections on the right Hand, equal to 
thoſe on the left, and then the Abacus will be completed. : 

Maxe eo the Projection of the Aſtragal, equal to þ o; and , the Fillet, 
unto 2 thirds thereof. Divide p? into 3 Parts, and make p v equal to 4 of 
thoſe Parts. Draw v parallel to pt. Draw # v, which biſect in , whereon 
raiſe the by 0p <o x, cutting v in x, whereon, with the Radius x v, 


deſcribe the Arch vr. Make h A my on the left Side, equal tog t v, on the Right, 


and then the Aſtragal will be completed. 

On the Point B, with the Radius Bo, deſcribe the Semicirele i NG HIK 
L Mo, which divide into 8 equal Parts, at the Points NG HIKL M, and 
from them draw the Lines NA, GC, HD, I B, K E, L F, parallel to the 
central Line A B, which continue upwards at pleaſure, which are the central 
Lines of the ſeveral Leaves. Draw the Lines a h, and æ ꝙ, which determines 
the Projecture of the two Out · Leaves in the ſecond ny, Divide the Diſtance 
12, 13, into 4 Parts, and from the third Part, at the Point 14, draw the Line 
14 9, which determines the Projecture of the Out-Leaf in the lower Range, at 
| the Point 15. - This being done, proceed to delineate by Hand the ſeveral 
Leaves, Stalk and Helice, on the * 85 Hand Side, and when the ſame is doue, 
transfer every particular Part thereof unto the left Side, by taking their ſeve- 
ral horizontal Diſtances from the central Line, and ſet them from the central 
Line on the left Hand Side; or otherwiſe, draw parallel Ordinates through on 
both Sides, and make thoſe on the left Hand equal to thoſe on the right. 
= either of theſe Methods, you may make the two Sides ot · the Capital exactly the 

lame. . ; 
Note, It will be beſt, firſt for to 1 the Leaves in Groſs, as is done 
2 on 


„Which is . 


* 
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en the right Hand Side, wherein muſt be very perfect in their Outline 
before — proceed to divide — their Palms and Raffles; and for the 


eaſy dividing of Leaves into their Palms and Raffles, I have given 7 Exam- 
ples of Leaves for Practice, in Plate XXXIV, of which the large Leaf D is 
in a Manner geometrically deſcribed, and whoſe Height is to its Breadth, as 7 
is to 6, as may be ſeen by the equal Parts on its left Side, and at its Bottom, 
| which Parts being fubdivided, as in the Figure is expreſſed, the Points of the 
Parts in every Palm are exactly determined. Note, a Palm conſiſts of 5 
Points, as 199 D, ormnt AF, or wx CG H. Note alſo, that when the 


Learner has formed two or three Leaves in large thus divided, he may then 


88 to make others of leſs itude, by Hand, and omit all the aforeſaid 


Divifions' by Lines, aa RW X Y, which are all Leaves in Front, e as 
i Leaf in 


well for Pilaſters as the Front Leaves of Columns, Fig. S is a 


Profile, and T in an oblique View, ſuch as thoſe that are between the mid- 


dle or front Leaf, and outer or profile Leaf of a. Column. The Figures M 
and Q, are two Examples of Stalks or Stems for Practice, of which. Q is 
a Stalk only with its Leaves, and M is complete with its Volute and Helice. 


Fig. P is the ancient Ornament with which the Abacus is uſually charged, 


inſtead of which I have placed a Lion's Maſk, as an Emblem of Majeſty, 
Power, Ce. : s ; > 
Pros. VI. Fe. GC DE. Plate XXXII. 


7 


To divide the Height of the Corinthian Entablature into its Architrave, Freeze, and 


| Cornice, and them into their reſpettive Members. 
. Diving +4}, equal to the given Height, into 10 equal Parts; give the lower. 
3 to the Height of the Architrave, the next 3 to the Height of the Freeze, 
and the upper 4 to the Height of the Cornice. Divide à 5, equal to the 
Height of the Freeze, into 5 Parts, the lower 1 is the Height of the firſt Faſcia, 
with its Bead, which is 1 fourth Part thereof, the ſecond Part is the Height of 


the ſecond Faſcia, The third Part, equal to ef; divided into three Parts, the 


lower 1 is the Cyma Reverſa between the ſecond and third Faſcias. The fourth 
Part, equal to c d, divided into 4 Parts, the upper 1 is the Bead over the third 


Faſcia, and the 3 lower Parts, with the two remaining Parts of ej, is the Height of 


the third Faſcia. The upper or 5th Part equal to a 6, divided into ts, 
the upper 1 is the Regula of the Tenia, and the lower 2 of its Cyma Reverſa. 
To determine the Projeflures of eheſe Members in the Architrave. Make ww x 
| equal to @ , which divide into 5 Parts, give 1 Part to the Projection of the ſe- 
cond Faſcia, and 2 to the third Faſcia, To divide the Gornice. Divide 4g. 
* to its Height, into 5 equal Parts, and i m, equal to the third Part, into 
8 Parts. Make y g equal to the two lower Parts of 4 g, and the lower 1 Part 
of i n, which divide into 15 equal Parts; give the lower 4 Parts to the 
Height of the Cyma Reverſa, the next 5 Parts and half to the Height of the 
Denticule, againſt which the Dentules are placed, whoſe Depth are 5 Parts 
only; the next half Part to the . Fillet on the Dentules ; the next 1 Part to 
the Aſtragal, and the upper 4 Parts to the Ovolo. Divide / p, equal to the 3 
remaining Parts of & g, into 3 Parts; the lower 1 divided into 4, the lower 3 
Parts thereof is the . of * Faſcia, againſt which the Modillions are 
placed, and the upper 1 of the Cyma Reverſa, with its Fillet, with which 
the Modillions are capped. Divide no into 2, the lower 1.is the- Margin below 
the Modillions. Divide r into 3 Parts, the upper 1 Part is the Height of the 

Fillet, and the lower 2 Parts of the Cyma Reverſa. Divide x 7, equal to the 
middle Part of J, into 4 Parts, give the upper 1 to the Height of the Cyma 
Reverſa d d d, and the lower 3 to the Height of the Corona. Divide the upper 
Part of / into 4 equal Parts, and the lower 1 Part thereof into 3 equal 
Parts; give the lower 1 Part, to the Fillet, and then the 4th Part of the upper 
3d Part of / p, being given to the Regula, the Remains will be the Height of 
the Cyma Recta. To determine the 5 


Projection of the Cornice, before the Upright of the Freeze and Colon, 
2 


% 


rejection of theſe Members, Make b the 
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_ *-equal to 1 f, its entire Height. From any Part of the Freeze, as A, draw an 
borisontal Line, a A B, whiclt make equal to 4 g, the Projection of the Cor- 
nice, and draw the Line 3 B. Divide A B into 4 equal Parts. Divide e d, equal 

to the firſt Part, into 6 Parts; then the firſt 2 Parts and half deterinine the Pro- 
jection of the Denticule ; the firſt four Parts and half, the outer Dentieule; the 
th Part the Fillet over the Dentules, and the 5th Part and half the Aſtragal. 
The ſecond Part of A B, divided into 5 Parts (which in the Plate is omitted by 
Miſtake), the firſt 1 Part determines the Projection of the Ovolo, and one third 
of the next Part the Projection of the Outſide of the outer Modilhion. The third 


Part of A B determines the Projection of the Modillion in Proſile at i. Divide : : 


equal to the laſt Part of A B, into '5 equal Parts, and g 5, equal to the ad and 
3d Parts of ef, into 3 equal Parts; then half the iſt one determines the Projec- 
tion of the Corona at e, and the 2d Part the Fillet of the Cyma Reverſa: And 
thus are the Heights-and Projections of the ſeveral Members of this Order de- 
termined. The next Work, in order to complete this Cornice, is to divide out 
the Dentules aud Modillions, and to deſcribe the Modillion in Front and Profile. 


Pa OB. VII. Fig. GC. Plate XXXIII. 
To divide: the Dentules in the Corinthian Cornice. | 
Div1vt the Diſtance between the central Line and the Upright of the Freeze 
into 12 equal Parts, give 2 Parts to the Breadth of a Dentule, and 1 Part to an 


Laterral. 

Ry, Pros. VIII. Fig. GC. Plate XXXIII. 

3 To divide the Diftances of Corinthian Modilliont. | 

Ir is generally agreed on by the beſt Maſters to * the central Lines 

Modillions at 35 Minutes Diſtance, and to make the Front of each equal to 10 
Minutes, whereby their Intervals or Diſtances between are each 25 Minutes, and 
the mak ry or Projection of a Modillion is 20 Minutes, equal to double its Front 
or Breadtll. Now as over the central Line of every Column there muſt be a Mo- 
dillion, therefore the Intercolumniation of this Order muſt be conformable to the 
Number of Modillions that are to be between every two Columns; and to divide 
the Diſtances of Modillions, is no more than to take 35 Minutes in your Compaſſes, 
and to ſet off that Diſtance from the central Line of your Column, as often as 
the Number of Modillions are required. 53 . 


PRO. IX. Fig. III. IV. and V. Plate XIV. k 
To deſcribe the Front, Profile and Plan, or Plancere of the Corinthian Modillion. 
I. To deſcribe a Corinthian Modillion in Front. 
Tur the geometrical Squareab4 i, Fig. III. be the Outlines of a Corinthian 
Modillion, with its Cyma Reverſa and Filler, whoſe Breadth h i, and Depth ys 
are given. Biſect bi in d, and draw the Perpendicular e d. Divide 5 i into 8 equal 
Parts, and make the Fillets 4 i and 7 i each 1 Part. Biſect y i in I, and draw 


& | parallel to hi. Draw the Lines 9 m and vo parallel to e d, each at the Di- 


ſtance of half the Breadth of the Fillet 4 i, and divide the Diſtance between them 
into 8 equal Parts, as at d, and make the ſmall Fillets next within the Lines g m 
and v 0, each t of the 8 Parts. Draw the Lines m o and g v parallel to 4 /, and 
each at the Diſtance of m z. Take the Diſtance to either of the Fillets, and on 
the Points x and z deſcribe the two Semi-circles of the Bead. Draw the Lines g, 


v , alſan m and o 25 Biſect : gin /, divide /q into 8 Parts; on / and g, with a 
art 


Radius equal to 5 „ make the Section , on which deſcribe the Arch / g. 
In tlie ſame Manner deſcribe the Arch %, allo the Compound Arches v., n m 
and 0 þ ; which completes the Modillion in Front, as required. : 

= II. To deſcribe a Corinthian Modillion in Profile, Fig. V. 

Divide the Length m / into 3 equal Parts, and the 1ſt one Part into 7 Parts; 
make m / the Height, equal to 8 of thoſe Parts, and complete the Parallelogram 
16 mf.+ From p, at 4 Parts and 4 Diſtance from , draw the Line p g parallel 
to m . At 4 Parts from m draw the Line 4 i parallel to / m, whoſe Interſection 


is the Centet of the Eye of the greater Scroll, and whoſe Diameter is equal to the 
. : ; 6 | k 


5th 
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th Diviſion of /m. Fig. D is the Eye of this Volute or Scroll at | 


wherein 
the yy being inſcribed, and each Semi- diameter divided into 2 
equal Parts, as at the Points 7, 6, 8, 5, then the Points 1, 4, 3» 2, 5.8, 7». 6s 
as they ſtand in the Figure, are the Centers on which deſeribe the Scroll, - 
ning at the Point s Divide 6 e, equal to 4 Parts of / m, into 8 equal Parts, and 
draw the Line d e for the Depth of the ſmall Scroll. Make J à equal to 9. Parts 


of þ c, and at 4 Parts from b draw the Line 4 4 B parallel to 3 /. At 4 Parts 
and from b draw the Line r parallel to a l, which will interſect che Line o d 
N x7 0-4 the Eye of the ſmall Scroll, whoſe Diameter is equal to the th 
iviſion msec. £ e , dS. 4, 1 4 Nr 
Iuxscanz a Square within the Eye, and divide its Semi-diameters as before, 
as in Fig. D, and then the Points 3, 2, 1, 4» 7, 6, 14, as they ſtand in Fig. 
D, are the Centers, whereon deſcribe the ſmall Scroll, beginning at the Point: o. 
Draw the Line op, which biſect in L; alſo biſect i L in g, 2 f in e. Erect 
the Perpendiculars g A and e B, cutting the Lines 4 i in A and oo d in B. On the 
Points A and B, with the Radius A « deſcribe the Arches i L and Lp, alſo tbe 
inward Arches which limit the Breadth of the Liſt, TR. | 
III. To deſeribe the Plan or Plancere of the Corinthian Modillion, Fig. IV. 
Maxx BC and #1 each equal to-h i in Fig. III. alſo make Bc and C/ each 
. Fig V. and complete the Parallelo Be C/. Draw o d and 
1 e e to C/, each at the Diſtance of h i in Fig III. Draw the Lines a nb 
and g & m at the ſame parallel Diſtances from B c and C 15 as are OE 
I to the Projections of the Cyma Reverſa in Fig. III. before à i the Upright 
of the Modillion, which continue about at the End, and return from B and C. 
The Beads, with its Fillets 77, and the Cymasdg r and # &, c. are deſcribed 
exactly the ſame as n m 2 b in Fig. III. 1 . 
Note, The Manner of dividing the Plancere of the Joniel, Corinthian and Com- 
e Cornices, and to make their Returns at external and internal Angles, is 
Exhibited by Fig. VII. Plate XLIV. wherein B B repreſent the Plan of the two 
Modillions next to an internal Angle, and E E of two Modillions next an external 
Angle, as alſo are H H. The geometrical Squares A C A A F G are hollow 
Pannels, called Coffers, which are to be enriched with Roſes, as thoſe of Fig. 
AB C D E, Pla: XXXVIII. . e 5 
To proportion the Corinthi lh he . bo of ay Rota jen 
0 ion the Corinthian Cornice to the Hei Room required. 
Tuis admits of two Varieties, viz. Firft, To eonddel 2 Der e the Car» 
nice to an entire Order; and, /g/ly, as the Cornice of an Entablature on a Co- 


lumn only. 
To find the Height of a Cornice to an entire Order. | 
Drv1pz the Height of the foe into 75 Parts, and give the upper 4 to the 
Height of the Cornice. . yp 
| Do find the Height of the Cornice of an Entablature on a Column only. 
D1v1Ds the Height of the Room into 60 Parts, and give the upper 4 to the 
Height of the Cornice. | 1 | 
| Puvs SE... + 


To proportion Frontiſpicces, Colonnades, Porticos, Arcades, &c. of the Corinthian * 
a Order. - 

As the Intercolumniations of this Order are regulated by the Number of Ma- 
dillions, whoſe Diſtances between their central Lines are 35 Minutes, as before ob- 
ſerved, therefore to make Frontiſpieces, Colonnades, Ec. the Diſtances of the 
central Lines muſt conſiſt of as many Times 35 Minutes as the Nature of the 
Caſes requires. Fig. I. II. and III. Plate XXXVI. are Examples hereof, where 
dhe Columns in Fig. I. have 13 Modillions between, Fig. II. 12 Modillions, Fig. 
III. 14 Modillions. In Plate XXXVII. Fig. I. conſiſts of 13 Modillions, and 
F. A of 12, between the two middle Columns, as before in Fig. I. and II. 
Plate XXXVI. But as here in Fig. A, there are Columns in Pairs on each Side, 
their Diſtances have but 3 Modillions between their central Lines, accounting the 
two 


c ARCHITECTURE. . © rar 
two half Modillions on the Sides of the two central Lines as one Madillien. Ia 
Plate XXX VI the Colonnade; Ng. I. contains. 6 Modillions between every two 
Col the fingle Arcades 11 ions, the Arcades of Columns in Pairs 3, 
and 11 Modillions, and the Portico, Fig. II. contains three Madilliona between- 
the central Lines @ and 5, 6 Modillions betwetn 5 and e, and 8 Modillions between 


pry HCO e | | 
+ Now from the om "tis evident, that the Intercoluniniations of this Order 


— 


muſt be as follow, via. It it have two Modillions between thoſe over the two 
Columns, the Intereolumniation muſt be 1 Diameter 45 Minutes; if 3 Modillions, 
then the Intercolumniat ion muſt be 2 Diameter 30 Minutes; if 4 Modillions, 
then 2 Diameters 35 Minutes; if 5 Modillions, then 5 — 40 Minutes; if 
6 Modillions, then 4 Diameters 5 Minutes; if ) Modillions, then 4 Diameters 40 
Minutes; if 8 Modillions, then 5 Diameters 15 Minutes; if 9 Modillians, then g 
Diameters and 50 Minutes; if 10 Modillions, then 6 Diameters 25 Minutes; if 11 
Madillions, then 7 Diameters; and if 12 Modillions, then 7 Diameters 35 Minutes: 
And ſo, by the continual adding of 35 Minutes, the Intercolumniation for any 
ter Number of Modillions may be found. Note, the Intercolumniations for 
2 which have 3, 5, 7, 9, 11 and 13 Modillions between them, as publiſhed 
in Palladio Londinemſis, by Mr. Salmon of Colcheſter, and reviſed by Mr. Edevard 
* Surveyor of the London Inſurance-Office, are in general falſe, and ſeem, 
as that neither of them knew what they were doing; for by the preceding tis 
plain, that the Intercolumniation for Columns that have 3 Modillions between 
them, is 2 Diameters 40 Minutes, not 2 Diameters 30 Minutes; and for Columns 
that have 5 Modillions between them, is 3 Diameters 30 Minutes, and not 3 Di» 
ameters 45 Minutes, as they have falſely publiſhed inp. 87, Ce. : 
Tun Height of Impoſts in this Order are two Thirds of the Height from the 
Baſe Line unto the under Part of the Architrave, as in the preceding Qrders, and 
the Breadth of the Keyſtone is one 15th Part of the gemi circular Architrave ; 
and as Key-ſtones to this Order admit of Embelliſhments, I have therefore in 
F abcdefs h i l, given proper Examples thereof. | 
Tus Impoſt to this Order, by Andrea Palladio, is exhibited by Fig. F, Plate 
XLII. and that by equal Parts, by Fig. V. Plate XLIII. which is thus proportioned. 
 _ To Proportion the Corinthian Impeſt by equal Parts. N 2 
Divide a h the given Height into 3 Parts; the lower one is the Height of the 
Neek or Freeze of 4 Impoſt. Divide the Middle Part into 3 Parts, and the lower 
r into 3, give the lower 2 to the Cavetto, and the voor 1 to the Fillet. Divide 
the upper t into 3 Parts, and give the upper 1 to the Fillet on the Cyma Recta 
and the Remains to the Height of the Cyma Recta. Divide a 4, the upper thi 
Part of a h, into 2 Parts, and the upper 1 into 3 Parts, give the lower 2 to the 
Height of the Cyma Reverſa, and the upper 1 to the Height of the Regula or 


upper Filler. | ST YE 
To determine the Projetions of theſe Members. | 
Draw be parallel to a h, at a Diſtance equal to the Breadth of the Pilaſter. 
Divide d e, _ to the Breadth of the Pilaſter, into 3 equal Parts; make eg 
equal to one of thoſe Parts, and g F equal to one Third of e g Divide eg into 3 
Parts, and the firſt and third Parts thereof each into 3 Parts, then the fiſt Part 
from e determines the Projection of à the Battom»of the Cavetto, the next 1 the 
Fillet of the Aſtragal c, and the next 1 the Aſtragal at 6, and the Fillet on the 
Cavetto at y. 855 8 . 0 
Tux 24d Part of the third Part of eg determines the Projection of the Cyma 
Recta at x, and eg the Projection of the Faſcia at ww + Laſtly, h c being made 
equal to e f, completes the whole, as required. © is 
Tus Height of the Aſtragal o b, divided into 3 Parts, is equal to half m + the 
Height of the Neck. 8 8 
HE Architrave a b of the Arch is thus divided, viz. de being already divided 
into. 3 Parts, divide the outer 1 Part into 3 Parts; give the iſt Part to vt, the 
Breadth of the Regula; the next 1 to the Ovolo with its Fillet, which is equal 
; h : to 


« 


— 
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to ; thereof, and the laſt Part to the Cavetto and Bead, which is 4 thereof. The 
middle Part of de is the Breadth of » p the great Faſcia ; and the outer Part di- 


vided into 6 Parts, the firſt r Part is the Breadth of the Cyma Reverſa, and the 


other 5 of the {mall Faſcia. + | ö 4 
5 | Examples for Practice in the Corinthian Order. 

I. The Height of the Corinthian Architrave being given to find the Height of he 
Freeze and of the Cornice. RuLe, Make the Height of the Freeze equal to the 
Height of the Architraye- Divide the Height of the Architrave into 3 equal 
Parts, and make the Height of the Coroice equal to 4 of thoſe Parts. 


II. The Height of the Corinthian Cornicr being given, to find the Height o the | 
40 . * 22 


Freeze and of the Architrave. Rurx, Divide the Cornice into 4 
equal Parts, and make the Height of the Freeze and of the Architrave, each | 
to 3 of thoſe Parts. 4 $4 a * 
itn. The Height of the Corinthian Cornice being given, to find the Diameter of the 
Column. Rur x, Divide the Height of the given Cornice into 4 equal Parts, and 
make the Diameter equal to 5 of thoſe Parts. | 
IV. The Diameter = Corinthian Column being given, to find the Height of the 
. Corinthian Cornice. Rurx, Divide the Diameter into 5 equal Parts, and make 
the Height of the Cornice equal to 4 of thoſe Parts. 9 5 
V. The Height of the Corinthian Architrave being given, to find the Diameter of 
olumn. Koen; Divide the Height of the Architrave into 3 equal Parts, and 
make the Diameter of the Column equal to 5 of thoſe Parts. | 
VI. The Height of the Corinthian Entablature being given, to find the Diameter 
of the Column. RuLe, One half Part of the Height of the given Entablature is 
ual to the Diameter required. ; | | | 
VII. The Height 8 Corinthian Entablature being given, to find the Height of 
the Capital. RuLs, Divide the Height of the Entablature into 12 equal Parts, 


and make the Height of the Capital (excluſive of the Aſtragal, which is a Part of 


the Shaft) equal to 7 of thoſe Parts. | 3 | 

VIII. The Height of the Corinthian Capital and Entablature being given, to find 
the Diameter of the C « Rvuue, Divide the whole Height of 2 Capital and 
Entablature into 19 equal Parts, and make the Diameter of the Column equal to 
6 of thoſe Parts. | ' | | 


b . e a3 
Of the Manner of proportioning the C * te Order by Modules and Minutes according 
' to AnDREA PALLADI0, and by equa 

HE principal Parts of this Order, according to Andrea Palladio, are exhi- 

bited by Fig. I. and the particular Parts of the Pedeſtal by Fig. III. Plate 
XXXIX. the particular Parts of the Baſe to the Column and of the Entablature, 
are exhibited by Fig. I. and II. Plate XI. I. which being in general proportioned. 
by Modules and Minutes as the preceding Orders, nothing more need be ſaid 
thereof; and therefore I ſhall proceed to the Manner of proportioning the Parts 
of this Order by equal Parts. 


\ 


Pros. I. Fig. II. Plate XXXIX. 1 ® 


Do proportion the principal Parts of the Compoſite Order by equal Parts. 
Divips tf, equal 

is the Height of the Pedeſtal. Divide I p, equal to the remaining Part, into 15 

equal Parts, and the 1th Part into 6 equal Parts, the 2 upper Parts and * of the 

next lower Part is the Height of the Entablature, and the Remainder v p is the 

Height of the Column, and which being divided into 11 equal Parts, 1 of thoſe 

Parts will be equal to the Diameter of the Column. And its Height to 11 Diame- 


ters. . 
Pros. II. Fig. IV. Plate XXXIX. | 
Do divide the Height of the Compgſite Pedeſtal into its principal Parts, and them into 
| their reſpective Members. 5 
Daaw w d, for the Baſe Line, and F d, for the central Line, Ty 
. eq 


arts compoſed from the Maſter: of all Nations, 


to the given Height, into 5 equal Parts, the lower 1 Part 


* 


* 


\ 


* 


7 


of the Faſcia c d, 3 of the next 1 the Projection of the Cyma Recta at 4; the 


* 
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equal to the given Height into 4 equal Parts, and the ad Part into 3 equal Parts 3. 


divide & a, equal to 4 of the 2d Part, into 12 equal Parts, and make @ 6 equal 
to 5 of thoſe Parts, and draw v 0, for the Height of the Plinth; at 3 Parts above 
a draw the upper Line of the Torus, and make the Height of its Fillet. equal to 
1 Part; give the upper 2 Parts to the Height of the Cavetto, and the next 1 to 
the Height of the Ie 

Recta. Half the upper Part of 4 e is the Height of the Cornice ; divide + / into 
3-equal Parts, and the lower 1 Part into 6 Parts, give the lower 2 to the Height 
of the Cavetto, and the next 1 to the Height of its Fillet. Divide the middle 1 
of h ] into 6 Parts, give the 3d Part to the Height of the Fillet on the Cyma re- 
verſa, and the Remains of that, and the lower Part, will be the Height of the 


Cyma Reverſa. Divide the upper 1 Part of 4 / into 4 equal Parts, give the upper 


1 Part to the Regula, and the next 2 to the Cyma Reverſa. 

_ Tou determine the Projeftions of theſe Members. 
Tus Diameter found as before, being divided into 60 Minutes, draw þ «, 
parallel to f d, at 42 Minutes Diſtance, make x ww, and & a, each equal to a x, 
and draw a c, which will determine the Projection of the Plinth at v , and 
the Cornice at @. From any Part of 5 s che Upright of the Dado, draw a right 
Line ab 1, 2, which divide into 4 equal Parts: the firſt 1 determines the Projection 


third 1, Fillet on the Cavetto, and on the Cyma in the Baſe at p, and $ of 
the laſt 1, the Foot of the Cavetto in the Cornice, and in the Baſe ; laſtly, the 


et, then the Remains will be the —_— of the inverſed Cyma : 


— 


Projection of the Fillet g, in the Baſe, is equal to the Projection of the Center of 


the Torus. | 
| Pa o B. III. Fig. II. Plate XXXIX. 
Do divide the Compoſite Column into its Baſe, Shaft and Capital. 
Tus Height d &, being divided into 11 Parts, one of which being the Diame- 
ter as aforeſajd make 5 g, the Height of the Baſe, equal to half the Diameter; 
and de the Height of the Capital, equal to the Diameter, and one ſixth Part 


thereof, , | 
| Pros. IV. Fig. IV. Plate XLI. | 
To divide the Baſe of the Compolite Column into its reſpective Members. | 

Draw / for the Baſe Line, . for the central Line. Divide à f into 
3 equal Parts, the lower 1 Part is the Height of the Plinth. Divide the middle 
1 into 5 equal Parts, the lower 3 Parts is the — of the lower Torus, the 
next 1 of the Aſtragal, and half the next 1 of its Fillet. Divide the upper 1 of 
a f into 5 equal Parts, the upper 2 is the Height of the upper Torus ; half the 
next 1 is the Height of the Fillet under the Torus, and the Remains is the 
Height of the Scotia. To determine the Projedtures of theſe Moldings. Draw i h, 

rallel to a / at the Diſtance of 30 Minutes, and make & þ equal to 12 Minutes. 

ivide & & into 5 equal Parts; the firſt i Part and half determines the Projection 
of the Aſtragal on the lower Torus, the ſecond Part its Fillet, the third Part 
the Fillet under the upper Torus, and its Center alſo; and the third Part and 
half, the Center of the Aſtragal on the upper Torus, and its Fillet alſo. The 


Height of the Aftragal on the upper Torus is equal to half the Height of the upper 


Torus, and the Fillet on the Aſtragal to half the Height of the Aſtragal. - 
7 : PR OR. V. Plate 2 Hy equal Parts 
o proportion the Parts of the Compoſite Capital by equal Parts. 

FigsT, ſet up the Height of the Capital, proportion its Aſtragal, Leaves, 
and Abacus, exactly the ſame as in the Corinthian Capital; and the 20 Minutes 
contained between d, the lower Part of the Abacus, and i, the Top of the upper 
Range of Leaves, divide as follows, viz. Divide g into 8 equal Parts, give 


the ſixth and ſeventh Parts, to the Height of the Fillet E. Divide the 5 Minutes 


between 50 and 55 into 2 equal Parts at /; then g f is the Height of the Aſ- 
tragal D, which is alſo the Height of the Eye of the Volutes N and N. Di- 
vide the upper 5 Minutes contained 3 55 aud 60 into 4 equal Parts; 


| give | 


= 


nſide of Bui 


Bead X, 15 to tlie upper Faſcia, of which 5 muſt be given to the 


—— — 2 
RA 9 * 


| 
; 
y 
| 
F 
| 
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vive the upper 1 to the Height of the Fillet under the Abacus, and the remairts 
2 Part e f to the Height of the Ovolo C. Now as the Volutes N N are 


elliptical, and have the Centers of their Eyes in that Point of the Line ? X, the 


upright Line of the Shaft that is cut by the central Line of the Aſtragal D, and 


« 


as they are comprized within a Parallelogram, formed by the upright Lines pro- 


c ceding from v, the Projection of the lower Part of the Abacus and w P, as alſo 


by di v, the under Line of the Abacus, and ir the Top of the ſecond Range of 
Leaves; therefore by Pros, VI. or VII. Lect. VII. hereof, deſcribe a circular 
Volute, whoſe Hei bt is equal to the Breadth of your Parallelogram; and then 
from that Volute f made, by Pros. VIII. Lecr. VII. aforeſaid, deſcribe an 
elliptical Volute in the aforeſaid Parallelogram, which will be the Votute to this 


Capital, and which being in like Manner performed on both Sides, the Capital will 


completed, as · required. 


Prom, VI. Fig. III. Plate XLI. and Fig. I. Plate XLII. 
*To divide the Height of the Compolite Entablature into its Architrave, Freeze, and 
| Cornice. 

As I have given two Examples of Entablatures in this Order, the one for the 

— to be ſeen at a ſmall Diſtance, and the other for the Out- 

ſides of Buildings, to be ſeen at a conſiderable Diſtance, I ſhall therefore ſpeak 
articularly thereof. ; | 

Of the Compoſite Entablature, to be 2 within Buildings. Fig. III. Plate XLI. 

Divipz / A, equal to the given Height, into 8 equal Parts; give 2 to the 

Height of the Architrave, 3 to the Height of the Freeze, and the ſame to the 

Height of the Cornice, | 3 


| To divide the Height of the Architrave. 
Divine 7 c, its Height, into 50 equal Parts; give 8 to the Height of Z the 
lower Faſcia, 1 and half to its Bead, 10 to Y the middle Faſcia, $6 the double 
rops V, 3 to 
cpa T, 1 to its Fillet, 2 to the Aſtragal 8, 4 to the Tenia R, and 1 to 
its Fillet, g 
Doo divide the Height of the Freeze. | 
D1vips # v, equal to its Height, into 12 equal Parts, and give the upper 1 
to P, its Capital. | | 5 
| To divide the Height of the Cornice, 
Dividr & m, equal to its Height, into 70 equal Parts; give 1 ta the lower 
Fillet, 2 to the Aſtragal O, 4 and half to the Cavetto N, 1 to its Fillet, 6 
to the Denticule, of which the upper 5 is the Height of the Dentules ; then 
give 1 to their Fillet, 2 to the Aſtragal IL, 4 and half tv the Ovolo K, and 6 
to the Platform of the Modillions, of which the upper 5 is the Height of the 
Modillions. Give 2 to the Cyma Reverſa H, 7 to the Super-Modillions G, and 
1 to the Fillet. Give 2 to the Aſtragal F, 4 to the Super-Aſtragal E, and 1 to 
its Fillet. Give 8 to the Corona D, 3 to the Cyma Reverſa C, and 1 to its Fillet. 
Give 2 to the Aſtragal B, 8 to the Cyma Recta A, and 3 to its Regula. 


To determine the Projefions of _ Moldings. | 
Maxe ꝙ E, and C D, each equal to the Semi-diameter of the Column at its 
Aſtragal, and draw the Line e d for the Upright of the Freeze, which continue 
up through the Cornice. Make the utmoſt Projection before the Upright of the 
Freeze, equal to & m the Height of the Cornice. | | 
| From any Part of the Upright of the Freezg, as at E, draw a horizontal 
Line, as E F, which divide into 4 equal Parts. "Divide the firſt 1 Part into 3 
Parts; then the firſt 1 Part thereof determines the Projection of the Cavetto 
and Aſtragal at w, and two thirds thereof, the Capital of the Freeze, whoſe 
Fillet Projects equal to its Height. The ſecond Part of the firſt Part E E, de- 
termines the Projection of the Fillet v ; and one fourth of the next third Part 
the Denticule 7. E, one fourth Part of E F, determines the Projection 2 
et 


j 
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Fillet , and Center of the Aſtragal 7; as alſo the Bottom of the Ovolo K. 
Divide 4 d, the ſecond Part of E F, into 8 Parts; or 6 c'its Half, inta 4 Parts; 
then the ſecond Part determines the Projection of the Outſide of the Modillion 
at n. Biſect A, the third Part of e % in e. Divide de into 4 Parts, then the 
| firſt Part determines the Projection of the Modillion in Profile at m ; the ſecond 
Part, the Super-Modillion at /, and de the Super-Aſtragal at i, Trade F, 
the fourth Part of E F, into 7 equal Parts; then F 2, equal to 3 of thoſe Parts, 
determines the Projection of the Corona, and f þ, equal to ? of / F, the Fillet 
of the Cyma Reverſa C. Make y 2 the Tenia of the Architrave, equal to 3 of 


*. E b. Make 9 r, and t x in the Freeze, equal to half the Diameter at the 


Baſe of the Column. Divide ? * into 6 Parts, and give 2 Parts to the Breadth 
of each Drop, as in the Dorick Order. | 
To divide the Dentules in the Cornice, 

Divips @ b into 24 equal Parts; give 2 Parts to the Breadth of each Dentule, 
oy I to each Interval. The Breadth of an upper Modillion is equal to 16 
Minutes, and of an under Modillion unto 5 Minutes. The Diſtance in the Clear 
between the upper Modillion is 30, and between their central Lines 40 Minutes; 
ſo that to adjuſt the Diſtances of Columns in this Order, we muſt place them at 

45 5, Cc. times 40 Minutes, and then the Modillions will happen at their true 


3 
Biker. This Entablature, without Oſtentation, is the richeſt and moſt mag- 


niſicent, that has yet appeared in the World. | a 
II. Of the Compoſite Entablature, to be uſed againſt the des of Buildings. 
SI | ft Fig. I. Plat XIII.“ N of x 
Divipr 2, equal to the given Height, into 20 equal Parts; give the lower 3 
to the Height of the Architrave; the next 3 to the Height of the Freeze, and 
the upper 4 td the Height of the Cornice. | 
To divide the Height of the Architrave, 

Divive f v, equal to the given Height, into 5 equal Parts; divide the lower 
1 Part into 4 Parts; give the lower 3 to C the lower Faſcia, and the upper 1 to B 
the Bead. The ſecond Part of 7 v is the Height of A, the middle Faſcia. 
Divide the third Part of , v into 3 equal Parts, and give the lower 1 to z the 
Cyma Reverſa. Divide y x, the 4th Part of ? v, into 4 equal Parts; give the 
upper 1 to the Height of the Bead x, and the Remains, with the Remains of 


— 


the third Part, will be the Height of y the upper Faſcia. Divide the upper Part 


of t v into 3 equal Parts; give the lower 2 to the Height of the Cyma Reverſa, 
and the upper 1 to the Height of g the Regula. 1 | 
| To divide the Height of the Freeze, | 

Divivs the upper third Part into 5 equal Parts, and the upper 1 of thofe 
Parts into 3 Parts; give the upper 2 Parts to the Height of the Aſtragal n, and 
the lower 1 to the Height of its Fillet o This Freeze may be made either up- 
right or ſwelling, at the Pleaſure af the Architect. 5 

To divide the Height of the Cornice. 


Tus Height, conf of 4 principal Parts, divide i n, the firſt Part, into 


$ equal Parts; give the lower 4 Parts to the Cyma Reverſa m, and the upper 
4 Parts to the Platform of the under Modillion, of which the upper 3 Parts 
muſt be given to the Height of the Modillion, Divide f/ 7, the ſecond Part of 
the Height, into 4 Parts; give two thirds of the lower 1 to the Height of the 
Cyma — i, and the upper 1 being divided into 3 Parts, give the upper 2 
to the Ovolo, and the lower 1 to the Fillet. Divide , the third Part of 
the Height, into 4 equal Parts, and the upper 1 thereof into 2 Parts; give 
the under 1 to the Height of the Fillet d, and the 3 remaining Parts wi 

the Height of the Corona e. Divide the upper fourth Part of the Height of 
the Cornice into 4 equal Parts, and the lower 1 thereof into 3 equal Parts, 
add the lower 1 to the Remains of the third principal Part, which. together 
make the Height of the Aſtragal C. The upper 4th Part is the Height of the 


Regula a, 
| 82 Ta 


136 Of ARCHITECTURE. 
To determine the Projettions of theſe Moldings. - <. 
Draw F O parallel to the central Line Qs make F G equal to F M, fro 
any Part of the Upright of the Freeze, as at K; draw the horizontal Line K I 
equal to F G, which divide into 4 equal Parts, and each Part into 6 equal Parts, 
then the 1 Part of K 1 determines the Projection of the Fillet and Center of the 
Aftragal, the 4th Part the under Modillion; the 5th Part the upper Modillion, 
and K i the Oyolo or Capping of the upper Modillion; the ad Part of K I. e 
divided into 6 Parts, 4 Parts and 4 determines the Projection of the lower Modil- 
lion in Profile, 5 Parts and 4 the Super-Modillion in Profile, and 5 Parts ö its Fil- 
let; the firſt half Part, between 2 and 3, determines the Projection of the Ovolo 
under the Corona, whoſe Projection is determined by the 3d Part of K L, and 
its Fillet by the next half Part. 5 8 
Tur Projection of the Tenia OP is equal to 4 Parts of K 1, and which being 
divided into 5 equal Parts, give 4 of the firlt 1 to the Projection of the middle 
Faſcia, and the firſt 2 tp the upper Faſcia, The Breadth of a Super- Modillion ts 
10 Minutes, and the Interval between eyery two is 25 Minutes, and which being 
in every reſpect equal to the Modillions of the Corinthian Order; therefore when 
this Entablature is uſed, the Intercolumniations muſt ſame as thoſe of the 
Corinthian Order, of which Fig. I. II. and IV. Plate XLIII. are Examples, and as 
the firſt and laſt of theſe Examples are arched Doors, I muſt therefore proceed to 
explain the Impoſt and circular Architrave, Fig. V. which is uſed therein. 
7 To divide the Compoſite Impgſt and Arclutrave. . | 
Div a h the Height into 3 Parts, the lower 1 is the Height of the Neck, 
or Freeze of the Impoſt. Divide the middle 1 into 3 equal Parts, and the lower 
1 into 3, give the lower 2 to the Cavetto, and the upper 1 to its Fillet ; divide 
the upper 1 into 3, and giving the upper 1 to the Fillet, the two lower Parts, to- 
ether with the middle Part, is the Height of the Cyma Recta. Biſect a % in ; 
Aide a i into 3 Parts, give the lower two Parts to the Cyma Reverſa, and the 
upper one to the Regula. The Aſtragal and its Fillet is equal to half m * the 
Neck of the Impoſt. 5 Ro tr of oF 
The Projetlions of theſe Members are thus found. : - 
| Draw be for the Upright of the Pilaſter; divide d e, the Breadth of the Pi- 
laſter, into 3 equal Parts; make e g equal to one Part, and g F equal to j of eg 
make c equal to ef; divide e g into 3 Parts, and the firſt 1 Part into 3 equal 
Parts; then the firſt 1 Part determines the Bottom of the Cavetto at z, the 2d 
Part the Fillet of the Aſtragal at £, and the third the Aſtragal and Fillet y; divide 
the laſt 3d Part of eg into ö Parts, the ſirſt 2 Parts determines the Projection of the 
Fillet at x, and e g of the Faſcia at ev. _ ge, a. 
To divide the Architrave. : „ 
Divive de, equal to a 6 the Breadth of the Architrave, inta 3 equal Parts; 
divide the firſt 1 into 3 equal Parts, the outer one is the Breadth of the Regula, 
the middle 1 of the Ovolo, with its Fillet, which is a fifth Part thereof, and the 
third 1 is the Breadth of the Cavetto, with its Bead, which is ; Part thereof; 
the middle 3d Part of J eis the Breadth of r the great Faſcia, and the next Part 
of the ſmall Faſcia, and Cyma Reverſa, which is + thereof. 25 


LECTURE DA. 4 
Queries on the five Orders ANDREA PALLADIO, recommended to the Cogſideration of 
| | his Advocates. , E 85 


I. Of the Tuſcan Order. Plate XX 
. {frat the Cincture, which is abſolutely a Part of the Tu/can Shaft, 
Nen. 1. be juſtly conſidered as a Part of the Baſe ? 5 
2. 2. Are the Parts in the Heights of the Members of Palladio's Tuſcan 
— 0 Py. IT. fimilar to the Number of Diameters contained in the Height of the 
olumn ? - X - | 
©. 3. Are not the Parts in the Heights of the Tuſcun Baſe, Fig. III. fimilar 
to the Number of Piameters, in the Height of its Column? | 
| : B 4+ 
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5 4. Is not the Neck of this Tuſcan Capital too low, and the Projection of 
volo and Abacus too little? 

2. 5. Is not his Abacus, and Ovolo under it, t 90 maſſive for the Fillet? 

9. 6. If, in the Execution of the Doric# Order, the Triglyphs and Drops are 
left out, as often is done, how are the Tuſcan and Dorick Architraves to be known 
from one another, ſince that, i in both thele Orders, he has divided each Architrave 
into two Faſcias ? 

9, 7. Is not the Height of his Tuſcan Freeze, which he has made Mel. to 
Tof the Entablature, too little; for a great Part of its Height bein 
by the Projection of the Tenia, the Remains has more the Look 
gf a Freeze? 

S. Should any compound Members, as the cms. Reste of the Cornice, 
be uſed in this Order, ſince that its native Simplicity (which conſiſts in the plain- 
neſs of its lingle Moldings) is thereby deſtroyed ? | 

+ % ich is moſt agreeable to the Charatterof the Order, vis. To finiſh 
the Fatablature with the 8 
ag "OY" as in Fig. II 


II. On the Dorick Order. Plate XXIV. 


FE ro. Is not the 5 Baſe, which he has given to this Order, much too 


Sage nt, and more eſpecially as that anciently this Order was made without 
2 ? ls not the — 

— to diſtinguiſh it from the Tuſcan ? 

iy 11. Are the Annulets proportionate or diſproportionate to che Ovolo and 
Abacus 75 _ they ſo noble an Aſpect as the Aſtragal under the Ovolo in the 

pi II? 
de ab the Annulets be ſeen diltinctiy, at ſo great a Diſtance, as the 
aforeſaid Aftragal? 

L. 13. Is it good Architecture, to make the ſame Bed-Mokling in the Dorick 
Entablature, as in the Tuſean * 

2 14. Is ret lM or oblique Plancere, as A, the moſt agreeable, or the mo 


fiſagreeqble of all others 8. 


: III. of the Tonick Order, Plate XXVIII. 
9, I5. Is not the Plinth of his Pedeſtal, Fig. III. much too low? 

2. 16, Should the Ionic Architrave be divided into the ſame Number of 
Falcias as the Corinthian Architrave ? 


9, 17. Isit good Architecture, to make the ſame Bed-Molding in the Jonicł | 


Entablature, as 1n the Fn and Dorick ? 

2, 18, To which of the Orders do Dentules properly belong? 

©. 19. Should the Dorick and Jonick Cornices be alike finiſhed with aha 
Recta and Reverſa, as in Plates XXIV. and XXIX.? GERT 


IV. of. the Corinthian Order. Plate XX XII. 
0 ES 20. Is not the Plinth to his Pedeſtal much too low for the Statelineſs of * 


Q, 21. Is it good ArchiteQure to make the Shaft of the Coriabian Co- 


lumn, Fig. 1. 20 Minutes ſhorter than the Shaft of the Tonich Column, Fig. I. 


Plate XXVIII. 1 
Of the Compoſite Order. Plate XXXIX. » 
8 BD 22, Is not wel inth to his Pedeſtal much too low for the Stature of the 
er ? 
2, 23. As the Corinthian Order, which is more delicate than the Compoſe te 
Order, has its Shaft made 20 Minutes ſhorter than the Shaft of the /onict, why 


doth he make the Shaft of the Compoſite Order, whoſe Capital and Entablature 


are more maſſive than the Corinthian, 30 Minutes higher the Shaft of the 
el Bt 
2 24. 


a than 


_ Recta and: Regula, as Fig. II. or with the plain 


| Addition of an Aſtragal on the Torus, as in Fg. IV. 


« ap — 
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- 9. 24. Has the double Aſtragal 4, in Fig. I. Plate XLI. any Similarity or 
Proportion to the other Members of the Baſe ? 3 
9, 25. Is it good Architecture to proportion the Architrave and Freeze of 
this r the ſame (4 a Minute only excepted) as the Tuſcan ? 
9, 26. Can any Perſon believe, that the Fillet on the Freeze, and its Aftragal, 
1d be made equal? | \ 
2. 27. Are not the Greatneſs of the Members in the whole Entablature 
more proportionate to a Tuſcan Column of ſeven omen in Height, than to a 
fender Column of ten Diameters, which he has ed ? 
To theſe I could add much more; but let theſe ſuffioę to ſhew, that this great 
er is no more free from Miſtakes than another, although ſo much ap- 
pl by many, who, for want of knowing better, have believed him inimit- 


" LECTURE: 
Of the Groteſque Order, Fig. I. Plate XLVII. 


HIS Order is a degree below the Tuſcan It conſiſts chiefly of Square 
Members, and is to be uſed in Grottos, &c. — 

| To proportion the Parts of this Order, | 

Divips a /, equal to the given Height, into 3 equal Parts, and the lower 
1 Part into 7 Parts, give two Parts and 4 to the Subplinth ; divide the upper 1 
Part of a / into 7 equal Parts, and give the upper 1 to the Height of the Ovolo ; 
divide 6 & into 5 Parts, the lower 4 Parts is the Height of the Column, and 
which being divided into 7 Parts, is the Diameter of the Column; divide be, - 
the u 1 Part of 64 4, into 3 Parts, the upper 1 is the Height of the Corona 
and Filer, which is 4+ of the whole; —_ g into 7 Parts, give 3 to the Archi- 
trave and 4 to the Freeze; make g h the Capital equal to 4 the Diameter, as alſo 

the Height of the Baſe ; make the Height of the Gineur on the Baſe, and the 
Fillet under the Capital, each equal to 4 of the Height of the Baſe, | 

To ruflicate the Shaft. | 

Drv1De its Height into 7 equal Parts, and make each Ruſtick and each Inter- 
val equal to one Part. The Projection of the Baſe is 40 Minutes, and of the Sub- 
baſe 45 Minutes, from the central Line of the Column. The Praje&ion of the 
Cincture, from the Upright of the Column, is equal to its own Height, and the 
Projection of the Ruſticks is equal to that of the Cincture. The Shaft is dimi- 
niſhed I of its Diameter at the Baſe, and its Capital projects, before the Upright 
of the Shaft, ; of its Diameter at the Capital. The Projetion of the Ovolo, from 
the central Line c, is 1 Diameter 37 Minutes and 4. 5 


LECTURE KH 
Of the Attick Ord:r, Fig VIII. Plate XIV, 


HIS Order is never uſed, but when an Atic# Story is placed over the Cor. 
nice of ſome one of the preceding Orders, and is thus proportioned, , 
Div DG the Height into ꝙ equal Parts, give the upper 1 Part to the Height 
% 4 


of the Cornice. | | 
To divide the Members of the Cornice, Fig. II. 

Div1Dt the Height into 10 equal Parts, give the firſt 3 Parts to in the Height 
of the Denticule, the next 2 to the Height of the Cavetta x, the next 3 to the 
—_ of the Corona w, and the upper 2 to v, the Cyma Reverſa, with its 

met 7. | 

Norte, In the Plate the Cyma Reverſa is, by Miſtake, made a Cyma Reda, which 
the Reader is defired to corret. © 

The _— t of the Denticule, divided into 6 Parts, the Depth of the Dentules 

' mult be made 5 of thoſe Parts, their Breadths 3 Parts, and the Intervals ws I 
2 art 


\ 
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Part and z. The Projection of the Cornice is equal to its Height. The Height 
of the Plinth is 12 Parts and 2, as alſo is the. Breadth of the Pilaſter, of thoſe 
to Parts into which the Height of the Cornice is divided, and the ſmall Torus 
and Fillet on the Plinth is 2 Parts and £. | 
 _ IpF'tis required to place Balls onthe Necks over the Pilaſters of this Order, the 
—— of the Neck mult be equal to the Height of the Cornice ; which being. 
divided into 5 Parts, give 2 to the Plinth, I the next 1 to its Fillet, and + of the 
upper I to the upper Fillet. The Diameter of the Ball is equal to the Diameter 
of the Pilaſter, and the Diſtances of the Pilaſters are always the ſame, as of the 
Columns over which they ſtand. | 


LECTURE XIII. Fig. II. Plate X. 

„ T wreathed Columns. 2 g 

S at ſome Times, the Shafts of the /onich and Corinthian Columns have been 

A wreathed or twiſted, it is therefore neceſſary to ſhew, 

How to deſcribe a wreathed or twiſted Column. 

Let aber be a given Shaft, iſt, Biſect a bin G, and draw the Line G c, 
make r p equal to rc, and draw wp parallel to cr. Draw the Diagonal Lines 
*þ and der, and make the Triangle-d a c equal to the Triangle pg r, on the 

oints 4 and g; with the Radius g r, deſcribe the Arches pr, — dc; 2dly, Make 
po equal to p ., and draw eo parallel to cr, alſo draw the Diagonals ep, and 
o w. Make the Triangle o þ g equal to the Triangle e h wv, on the Points h and 
2, with the Radius 500 deſcribe the Arches d e, and po. 3dly, Make on equal 
to o v, draw the Diagonals s o, and en, make the Triangle s fe equal to the 
Triangle ui o, and on the Points F and i, with the Radius i o, defcribe the Arches 
ge, and u 0; 4qthly, Make u / equal to ?, &c. and fo proceed to repeat theſe 
Operations, until the whole be completed, as required. 5 


| LECTURE XIV. Plate XI. | 

Of the Manner of dividing the Flutes and. Fillets, on the Surfaces of real Pilaſ- 
, ters, and Columns. | 

ILASTERS are fluted in two different Manners, viz. either with Fillets 
only, as Fig. N. or with Fillets and Beads at their Angles, as in Fig. M. 
Tus Number of Flutes in the Front of a Pilaſter ſhould be ſeven preciſely, al- 
though ſome make leſs, and others more, but thoſe are never done by an Artiſt or 
2 5 | 

Tux Breadth of a Flute is to the Breadth of a Fillet, as 3 is to 1. In Fig. N. 
there are 8 Fillets, and 7 Flutes, which are thus found, via. divide the given 
— of your Pilaſter into 29 equal Parts, give 1 to each Fillet, and 3 to each 

ute. ' 

In the other Example, Fig. M divide the given Breadth into 31 equal Parts, 
give I to each Bead, and the other 29 to the 8 Fillets and 7 Flutes, as in Fig. N. 
To readily divide the Flutes and Fillets of a Pilaſter. 

Dzaw a Line at pleaſure, as a J, Fig. N, and therein ſet off 29 any equal 
Parts from à to . Make the equilateral. Triangle a 2 l, and from the 29 Divi- 
fions draw Lines to the Point z : This being done, ſet the given Diameter of 
your Pilaſter from z to d, and toc, and draw the Line c d, which will be divided 
at the Points ef g hi, &c. into its Flutes and Fillets, as required. For as c d is 
parallel to @ h, therefore the Triangle c d ⁊ is ſimilar to the Triangle z a b, and 
conſequently the Line c d is divided in the ſame Proportion as the Line a6, 

In the ſame Manner a Pilaſter with Beads and Fillets is readily divided by an 

uilateral Triangle of 31 Parts, as dab, Fig. M. 

o divide at once the juſt Breadths of Flutes and Fillete, on the Surface of a 

real Column. ; - 

Ler Fig. F. Plate XI. be the Plan of the Baſe, and Fig. E. of the Top of a 
given Column, to be fluted with Fillets. | 


* 


* 


Operation. 
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Operation. Draw a right Line, as p 9, Fig. I. at pleaſure, and having two Pai? 
of Compaſſes, open one Pair to any ſmall Diftance, ſuppoſe g r, and the other 
Pair to one third Part thereof; now theſe two Openings of the Compaſſes. are 
to one another, as the Breadth of a Fillet is to the Breadth of a Flute, therefore 
from p towards , ſet off the two Openings, each 24 Times reciprocally, that is 
interchangeably, as firſt p, then 74, thens i, equal to pr, c. but you muſt obſerve 
that the two Openings aforeſaid are ſuch, that when you have ſet each 24 Times . 
from p to g, that the Length from p to q be leſs than the Girt or Circumference 
of your Column that is to be fluted, otherwiſe your Labour will be in vain. From 
the ſeveral Diviſions ſo ſet off, on the Line p 9, draw right Lines perpendicular 
to p 9, of Length at pleaſure, and then you may 3 to the finding of the 
true Breadths of your Flutes and Fillets as following. | 
iſt, Strike a perpendicular Chalk Line from the Aſtragal to the Cincture on the 
Surface of the . and being provided with a narrow ſtreight · edged Piece 
of Parchment, &c. girt about the Column at its Baſe, and cut the Parchment 
exactly to its Girt. This being done, apply one End of the Parchment to one 
Side of Hg. I. ſuppoſe at x, — its other End unto the other outer Line, as at 
a ; then will x a, the ſtreight Edge of the Parchment, be divided by the afore- 
nid perpendicular Lines at the Points b « v4 ghiklm, Wc. which are the true 
Breadths of the ſeveral Flutes and Fillets for your Column, and which bein 
marked omthe Edge of the Parchment with a Black-lead Pencil, apply the ſaid 
Parchment about the Baſe of your Column, laying one End unto the chalk Line 
| yang >: as at B, and prick off the Breadth of every Flute, as at a 6, c d, e f, g hs 
8 &, /m, Oc. | ; 13 . 8 | 
) 2dly, Take the Girt of the Column under its 3 and apply it to Fig. I. 
as from u to 1, whereon mark the Breadths of every Flute as in the former, . and, 
applying one End of it unto the aforeſaid perpendicular Line, as at A; prick off 
= Breadth of cach Flute, as at the Points 1 2, 3 6, 9 8, 9 10, 11 12, Sc. 
and then chalk Lines being ſtruck on the Surface 6 Column, from the Divi- 
frons under the Aſtragal to thoſe at the Baſe, the whole Surface of the Column 
will be ſet out ready tor working, as required. 
| Note, To know when a Flute is worked truly Semicircular in a Pilaſter, apply 
a Square within it, and if the angular Point and Sides of the Square touch the Sur- 
face, and Extremes of the Flute, at the ſame Time, as at p g r, Fig. G. Plate XI. 
the Work is true, otherwife *tis falfe. And Flutes, that are leſs than Semicirele 
are eee by the very ſame Method, only inſtead of applying a Square, you m 
apply a Bevel in the Manner following. BD | | 
As for Example, Zet a be, Fig. H. Plate XI. be the Plan of a Flute whoſe Depth 
& leſs than tbe Radius of the Circle, of which the Flute is a Segment. reel F4 
ee Aſſume a Point in any Part of the Flute, as at 5, and draw the Lines 
Ecd, andb af. Nail together two ſtreight Pieces of Lath, &'. ſo as to make 
an Angle equal to the Angle f4d, and to prevent its opening or ſhutting, to a 
ater or leſſer Angle, ack on a Brace, as the Piece ge, then will your Bevel 
prepared for Uſe, as the Square aforeſaid. 1 
Note, By this Method, the Height and Extent of any Scheme or rather circu- - 
lar Arch being given, may be deſcribed without any Recourſe being had to the 
Center, for if the Sides of the Bevel be kept to a and c, the Extent of the Flute, 
the angular Point 5, by POB. XVI. LECT. VI. Pax r II. will always fall on 
ſome Part or other of the Arch a bc 5 and conſequently if the Point þ be applied 
to the Point a, and then moved on towards i, thence to c, (the Sides of the Bevel 
being always kept fliding cloſe to the Points à and c,) it will deſcribe the Arch 
a b c, which is a Segment of a Circle, and without any Regard being had to its 
Center. | 
Fig. II. and III. Plate XI. Shews the Manner of making an Inſtrument on + 
Paiteboard, or Ivory, for the ready ſetting off the Breadths of Flutes of Columns | 
ou @ Drawing, without the Trouble of ä — and dividing of a Scmicircle, | 
| : "Tb 
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as before trught, which is an Intention of Mr. Edward Stephens, Cabinet- maker, 
made. F | | 


and thus my | 
'Operation, Firſt, Deſcribe a Semi-circle, as c g., of a larger Size than the 
Diameter of an Column that you may deſigu to draw ; divide its Circumference 
into its proper Flutes and Fillets, as before taught, and then drawing right Lines 
from them to the Center a, the Inſtrument is completed; eo FER. 
 SeconDLy, . Suppoſe you have the Drawing of a Column to be fluted, "whoſe 
N. 1 a e deſcribe the ſmall Semi- 
circle & 1, 2, 3, 4, 5, Oc. which will cut the central Lines of the Inſtrument, in 
the Points 1 2 3 4 5 6, Cc. from which draw right Lines with Black-lead, at 


right Angles to c g, and they will divide 4 a into, unequal Parts, which are 


the true Appearances of the Breadths of the ſeveral Flutes required. And the 
Edge d a, being applied to the Diameter of the Column in your Drawing, 


off the ſeveral Diviſions, which will be the Breadths of your Flutes and Fu, 


as required. 


Fig. III. is another Inſtrument of the ſame Kind, made for ſetting off the | 


Flutings of Doric Columns, according to the Manner of the Aneienta. 
; LECTURE. XV. 


Of the Manner of Placing Columns again Walls, and over one another, as the 
| | t 


Dotick on the Tuſcan, the Ionick on the Dorick, Sc. 


OLUMNS are placed either againſt Walls, with a fourth Part of their Dia- 

meters inſerted, as Fig. III. and IV. Plate XXX. when three Quarters of the 
Body of the Shaft project before the Upright of the Walls; or entirely clear 
from the Wall, as Fig. III. Pla XLIIL in which laſt Caſe, a Pilaſter is always 
inſerted in the Wall, as C and E, before the Columns D E; and the Inter- 
columniation or Diſtance of the Column from the Pilaſter, is always the ſame as 
when Columns are placed in Pairs. The 9 of Inſertion of Pilaſters muſt 
be ſuch as will be agreeable to the Parts of their Capitals. In the Tuſcan and 
Doricl Orders the Pilaſter may project before the Wall, a half, a third, a fourth, 
a fifth, a ſixth, or ſeventh Part of its Diameter: but in the /onich, Corinthian, 


and Compoſite Orders, they ſhould be half a Diameter preciſely, otherwiſe the 


Ornaments of their Capitals will be unevenly. divided, and have a very bad 
Appearance. = 

HEN Columns are to be placed over one another, as was the Cuſtom of the 
Ancients, who placed an Order in every Story, we are to obſerve, firſt, That 
the Diameter of the Column in the ſecond Story be at its Baſe, equal to 
the Diameter of the lower Column at its Aſtragal; and that they ſtand ex- 
actly perpendicular over each other, that the upper Solid may ftand on the 
lower. Granby, To place the upper Columns on a continued Pedeſtal, whoſe 
Height ſhall be fo agrceable to the Windows, as to make the Cornice of the 
Pedeſtal do the Office of Stools to the Windaws; for when Columns have 
their Baſes placed below the Bottoms of Windows, ſo that their Stools being con» 
tinued ſtop againſt the Shafts of the Columns, as thoſe do at the Royal Banguets 


ting-Houſe at Whiteha!l, they have a very ill Effect. The intercolummiation of 


Orders placed over one another muſt be governcd by the Triglyphs and Mo- 
dillions, and therefore to place the Dorick over the Tuſcan, regard muſt, be had 
to the Number of Triglyphs in the upper Order, to which the Tuſcan muſk 
be conformable, as indeed muſt the n to the Doric in ſome Caſes, when the 
Diftances of its Modillions muſt be made à little more or leſs: to bring them into 
Order; and when the Corinthian is placed over the /onich, the: Modiflions of the 
Tonick muſt be conformable to thoſe of the Corinthian. „ 

WHEN an open Gallery is made over an Areade, the nings between the 
Columns may be quite down to the Bottom of the Pedeſtal in the upper Order, 
as in Pg. I. Plate XLIV. but at ueh Times tis beſt to place a Baluſtrade between 

the Pedeſtals, which will be a Security and an Ornament alſo, a 
| e | T LECTURE 
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; LECTURE 
'Of the various" Kind: of Ornaments for the Enrichment of the ſeveral Members of 
which the Five Orders of Columns are compoſed. 255 


HE Ornaments that are, and may be invented for the Enrichments of Mold- | © 
I ings, are endleſs; but thoſe that are now in the teſt Eſteem, I have in- | 
ed in the ſeveral Members of the laſt four Orders ; not that every Order 
muſt be ſo fully enriched as I have expreſſed, but ſuch Parts of them only, as ſhall 
be judged ſufficient ; and that the Learner ſhould not be at a loſs to know what 
Ornaments are proper for ſuch Members, as he may be inclined to enrich, I there- 
fore have been ſo profuſe, as to give every Member an a e Enrichment. And 
as oftentimes tis required to enrich Pannels, Picture-frames, and other Parts of 
Buildings, I have therefore, in Plates XVI. XVII. and XVIII. given a great 
Variety of Ornaments at large, together with the Sections of divers curious Mold- 
ings for ſuch Purpoſes, of which take the following Account : 

Tur Figures E FI arc Ornaments called Yitruvian Scrolls, I ſuppoſe from 
Vitruviut, who might be the Inventor of them. The Diſtances of the Spirals is 
at pleaſure ; but their Height being divided into two Parts, their Diſtance is 
23 _ to 3 of thoſe Parts, and their Spirals are deſcribed by the Methods, 

efore taught. | 
II. Tux Figure G HK LM are Interlacings, or Guilochis of various Kinds, 
of which G H K and L are compoſed of the a of Circles, as is evident by In- 
ſpection, and that of Fig. M, of parallel right Lines, which form geometrical Squares 
of any Magnitude connected together, by Quadrants on the Outſides. The fret 
Ornament of the Ancients is by ſome called Guilochi, of which in Plate XVIII. 
I have given Examples of 15 Kinds, for the Practice of the young Student, and 
'whoſe * of Parts into which the Breadth of each is to be divided are fig- 
nified by Diviſions, and Numerical Figures againſt each. 7 7 
III. Tas Eggs and Darts, commonly called Eggs and Anchors, as Fig. I. 
Plate XVI. are thus deſcribed. Divide the Height 7 P into 9 equal Parts, 
at the Points 123456789. Firſt, Draw a © and I B, e 71 
each at the Diſtance ot 7 Parts; and divide @ 7 and 7 4, each into 7 Parts. 
Through the Point f draw e m, parallel to C B; make f e and f m, each 
equal to 4 Parts, and draw the Lines e 3 and m B. Through the Point 3, on 
the central Line 7 P, draw the Lines e 3 y, and m 3 v. On the Point 7, with 
the Radius F 12, deſcribe the Semi-circle o 12 p. On the Points e and m, with 
the Radius mo, deſcribe the Arches o v and þ, y; and on the Point 3 with 
the Radins 3 y, deſcribe the Arch v 1 y, which will complete the Outline of 
the Egg. Secondly, Draw the Line d /, through the Point 7, on the Line 9 P, 
and divide the Diſtance between the Points 3 and 4, on the Line 9 P, into 2 
equal Parts, and draw the Lines 4 z and / e On the Points d and 4, with 
the Radius d h, deſcribe the Arches Y & and þ wv 5 and on the middle Point, 
between 3 and 4, on the Line 9g P, defcribe the Arch w z. Thirdly, Draw 
c g through the Point 8; make c 8 and 8 g each equal to 3 Parts. From the 
Points c and g draw the Lines g * and e A, through the middle Point be- 
tween the Points 4 and 5, on the Line 9 P. On the Points c and g, with the 
Radi'1s c i, deſcribe the Arches i A and 1 x; alſo on the middle Point be- 
tween 4 and 5 aforeſaid, deſcribe the Arch x P A. Fourthly, Through the 
Point 2 on the Line 9 P, draw the Line 2 r 5s; as alſo draw the Lines i B, 
ſtopping. at r ; alſo 12 B, and ar; then one half Part of a Dart will be com- 
leted; and in the fame Manner complete the other Half, and all others. 
3 from hence 'tis plain, that to ſet out the Diſtanc:s of Eggs and Darts, 
you mult firſt divide the Height of the Ovolo into 9g equal Parts. Secondly, 
Take-7 of thoſe Parts, and fet that Diſtance along your Molding, and then 


Lines being drawn from thoſe Points, ſquare to the Top and Bottom of the 
* 5 ; » 


| * \ " | | a 
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Dovolo, every other Line will be the central Line of an Egg, and the others of the 
Darts, which divide as aforeſaid, Eggs in Ovolos are oftentimes enriched witty, 
Leaves, Huſks, &c. inſtead of Darts, as between N O P, Plate XVI. 


IV. The ſeveral Moldings for Pannels and Picture Frames, Plate XVII. are thus , 
| "A divided. „ 

I. Of Moldings for Pannels, Fig. I. divide the Height into 3 Parts; give two 
Thirds of the upper to A the Regula; the remaining 3d Part, and the middle 
great Part to B the Cyma os” 2 half the lower Part to C the Aſtragal; 

and the remaining half Part, divided into 3 Parts, give 2 to E the Cavetto, and 
1 to D its Fillet. : | | 
Tus Diſtances of the central Lines a I, c d, e , &c. of the Leaves, Cc. is 
equal to the Height of the Cyma B. Secondly, Fig. II. Divide the Height into 
4 Parts, give the upper 1 to A the Regula; the next 2 to B the Cyma Recta; 
and the lower 1 divided into 3 Parts, give the upper 1 to C the Fillet, and the 
lower 2 to D the Cavetto. Divide 3 d into 5 Parts, and ſet off the central 
Lines of the Leaves, as @ c, &c. each at the Diſtance of 7 Parts. Thirdly, 
Fig. IV. Divide the Height into 5 Parts; give he 1 to A the Regula, 
two Thirds of the next i to B the Cavetto ; the next 2 Parts, with the, Remains 
of the 4th Part, to C the Cyma Reverſa, and the lower Part divided into 3 Parts, 
= 1 to the Fillet E, and 2 to the Aſtragal D. The Diſtance of the central 
ines of the Leaves, &c. b d, a c, c 10 Sc. is equal to the Height of the Cyma 
Reverſa. Fourthly, Fig. V. Divide the Height into 5 Parts, give the upper 1 to 
the Regula, the next 1 to the Ovolo, 1 Thirs of the next to its Fillet, the remain- 
ing 2 Thirds, and the next 1 to the Cavetto; and laftly, the lower 1 divided in- 
to 55 give the upper 2 to the Aſtragal, and the lower 1 to the Fillet. Divide 
4 d into 9 Parts, and make the Diſtance of à b, h c, Cc. equal to 7 of thoſe 
Parts, as aforeſaid, Fiftbly, Fig. VI. Divide the Height into 3 equal Parts, 
and the upper 1 into 3; give the upper 2 Parts to the Regula A, and the Re- 
mainder, with the middle great Part, to the Ovolo B. The lower great Part 
divided into 2 Parts, give the upper 1 Part to the Aftragal C, and the lower. 
: Part being divided into 4 Parts, give the lower 3 Parts to the Cavetto D, and 
the other 1 Part to its Fillet. The Diſtances of the central Lines of the Eggs, 
Ec. are to be found as aforeſaid. | 


II. Of Moldings for Piture Frames. 
Fiasr, Fig. III. Divide the Height into 4 Parts; the upper 1 divide into 3, 
ive 1 to the Regula A, and 2 to the Cyma Reverſa B. Divide the upper 
alf of the next Part into 2 equal Parts ; give the lower Part to the Cavetto E, 
and the upper Part being divided into 3 Parts, give the upper 2 to the Aſtragal C, 
and the lower 1 to the Fillet D. Divide the 1 4th Part into 3 equal Parts, 
and the lower 1 Part into 3 Parts; give the lower 2 Parts to the 88 K, 
and the upper 1 to the Fillet I. Divide the upper 3d Part into 2 Parts; give 
the upper 1 to the Fillet G, and the Remains to the Aſtragal H. Divide b 4 
into arts, and make the Diſtance of the central Lines of the Leaves, as ac, &c. 
equal to 6 of thoſe Parts, the central Line of the Roſes to the Yitruvian Scroll 
in the Freeze F, is directly in the Midſt of the Freeze, and the Diſtange of the — - 
Centers of each Roſe, as e f, is equal to the Height of the Freeze. \ 
 - SxconDLY, Fig. VII. Divide the Height into 3 equal Parts, and each Part 9 
into 4 equal Parts; give the upper 1 Part to the Regula A, the next 2 Parts 1 
to the Ovolo B, and the next 1 to the Fillet C and Cavetto D. Give the middle 1 
great Part, and 1 Fourth of the lower preat Part, to E the Freeze. Give the next R 1 
fourth Part of the lower great Part to the Cavetto F, and Fillet G; and then the a 
Remains x being divided into 4 Parts, on z deſcribe the Quadrant y x, and then 
making c & equal to y 2, deſcribe the Curves y a, and a b, which with the _ 
drant 7 x, forms that Molding which Workmen call the Ve Ogee, The Man- 
ner of deſcribing the Guilachi in the Freeze is plain to Inſpection, as alſo are the 


„ 


. 
. 


—— —— — 
— — 


Diſtances of the Eggs, in B the Ovolo, and Leaves in H the eb Ogee. 
T 2 | Tumpry, 


* 


144 Of ARCHITECTURE. 

Tump, Fig. VIII. Divide the Height into 3 Parts, and each Part into 4 
Paxts, as before; give the upper 1 Part to the Regula' A, the next 2d Part 
and 1 Third of the third Part to the Ovolo B, the ſecond third Part to the Fil 
let C, and the Remains of the upper 1 great Part, to the Cavetto D. The 
middle great Part is the Height of the Freeze E. The lower great Part being 
divided into 4 equal Parts, give the upper 1 to the Cavetto F, and Fillet G ; 
the next 1 to the Aſtragal H. The remaining 2 Parts, divided into 8 Parts, 

give 1 to the Fillet I, 5 to the Cyma Recta K, and the Jower 2 to the Fillet. 
To theſe E many more might be added; but as I muſt not ſwell the 
Work to a much greater Bulk and Pijce than is propoſed ; and as he that is 
Maſter of theſe, will be able to invent others without End, I ſhall therefore 


proceed to 


Of the Manner of ruſticating the Shafts of Columns and Pilgſters, Plate XLV. 
Tus Orders uſually ruſticated are the Tuſcan, Dorict, and Jonict. 
To puſticote the Tuſcan Column, Fig. A and B. 
ThHIVIDE the Height of the Column into 7 equal Parts, and give 1 Part 
D to each Ruſtick, whoſe Projections may be made equal to the Proje&ian 
of the Cincture, as in Fig. A, or equal to the Projection of the Plinth, as in Fig. 
B, and which in both Caſes may be made diminiſhing with the Column, or 
Upright, as expreſſed by the dotted Lines; but this laſt has a very heavy Ap- 
rance, and ſeems contrary to Reaſon, by over-charging the ſmalleſt Part of 
he Shaft with the greateſt Ruſticks. | 
EE 7 55 icate the Dorick Column, Fig. C and D. 

Drvips the Height of the Column into 8 equal Parts; give 2 to each Ruſtick, 
as 6 4 and d d, and the ſame to the Intervals c. The Projections of theſe 
Ruſticks are determined as thoſe of the Tuſcan, 

5 To rujitcate the Ionick Column, Fig. E and F. 

Divios the Height into 9 equal Parts, give 1 to each Ruſtick, and to each 

Interval, and determine their Projectures, as in the Tuſcan and Dorick. 
T̃oe ruflicate Tuſcan Pilot rs, Fic, G and H 

PiLAsTERs are ruſticated in two different Manners, viz. either champhered, as 
Fig. G, or rabbeted. as Fig. H. | | ; 

To ruflicate a Tuſcan Pilafter, with champhered Ruflicks, as Fig. G. 

Divivs the Height of the Column into 7 equal Parts, and any one of the 
Parts, as 6 y, into 8 equa! Parts, give 6 Parts to the Height of the Face of 
each Ruſtick, and 1 to each of its Champhers. The Projection x y of the Ruſ- 
ticks, before the Upright of the Pilaſter, is equa! to 1 Part. . 
To ee. a Tuſcan P/after, with Nabe Ruſtichs, as Pig. H. 

Divips the Height into 7 equal Farts, as before, and one Part into 12 Parts, 
as at ac. Make the . of each Rabbet equal to two Parts, and then the 
Height of the Face of each Ruſtick will be 10 Parts; or if every two Parts be 
Cod as 1 Part, then each Rabbet will be 1, and each Ruſtick will be 5, as 
expreſſed by Figures on the right-hand Side. The Projection of the Ruſticks, 
before the Upright of the Pilaſter, may be made equal to the Projection of the 
Cincture, or to the Height of a Rabbet ; but this laſt is rather too great, for then 
the Ruſticks will have a very heavy Appearance. 15 | 


LETTHRLRE: XVHUL -- - 


Of Block Cornicet and ruflick Brine, Fi 1 III. IV. V. VI. and VII. Plate 


D IVIDE E, Fig. IL. the given Height into 9 equal Parts; and give the 
rts 


LECTURE Xv1il, 5 


\ 


loweſt 1 to the Height of the Plinth. Divide the upper 8 Parts into 14 

14 z give the upper 2 to the Height of the Cornice, and the lower 12 to the 
12 Ruſticks. Divide the Height of each Ruſtick into 4 Parts, give 3 85 the 
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Face of each Ruſtick, and 4 of 1 Part to each Champher. Divide & x, the Height 


of the Cornice, into 4 equal Parts, and give to each Member, as each Part doth 


expreſs. The Projection of the Cornice is equal to 2 Parts and à of the Cor- 
nice's H-ight. The Length of the ſtretching Ruſticks are equal to 3 Parts, and 
of the heading Ruſtieks to 2 Parts of the, nter Height, ſet back from the 
Upright of the Quoin, Fig. III. IV. V. VI. and are five different Examples, 
* whoſe Parts are proportioned in the ſame Manner as their ſeveral Diviſions and 
Numbers expreſs. | = 


LECTURE XIX. Fig. I. II. III. Iv. v. VI. Plate XLVI. 
Of the Manner of proportioning the principal Parts of Doors, Windows, and Niches. 


e 4 2 PB rtion Doors to any given Fn, Fig. IV. V. and VI. 
16% Divide the given Height in Fig. IV. and VI. into 5 equal Parts, 


the upper 1 Part is. the Height of the Architrave, Freeze, and Cornice, and the 
lower 4 of the Door. Make g 5, ia Fig. IV. and i 4, in Fig. VI. each equal to 


2 Parts for the Breadth of the Openings, and Z Part thereof is the Breadth of the 


Architraves x g, and I x. | 

Secondly, Fig. V. Divide the Height into 4 equal Parts, and the upper 1 Part 
into 4 Parts, then the upper 3 Parts is the Height of the Architrave, 3 and 
Cornice, and the Remainder is the Height of the Door, whoſe Breadth is equal 
to 1 great Part and a Half, and its Architrave to 5 of the Breadth. The Breadth 
of the open Pilaſters & x, againſt which Truſſes are fixed as at &, to ſupport the 
Cornice, is equal to 3 of the Breadth of the Architrave. Divide the lower 4th 
Part, of the upper great Part, into 2 equal Parts, and that gives the Depth from 
the Cornice, at which the Foot of the Truſs is to be placed. The proper Truſs 
for the Support of theſe Kinds of Cornices is exhibited in Fig. I. Plate XIV. and 
is thus deſcribed. : 
To deſeribe a ſpiral Truſs, for the 2 of Cornices over Doors, Windows, and 

Niches. s | 

Div1pt A B, the given Height, (including the Height of the Architrave, Freeze 
and Cornice) into 15 equal Parts, give the upper 4 to the Height of the Cornice, 
and the lower 11 to the Height of the Truſs. the Line M = repreſent the 
Upright of the Face of the open Pilaſter, againſt which the Truſs is fixed. Draw 
Wes parallel to M x, at the Diſtance of two Parts and ; alſo draw B s the 


Baſe Litfe at Right Aagles to M z. From the Points 8, 4 and 2 in the Line A B. 
draw the Lines 8g, 4 G and 2 E, parallel to B x, and of length towards the 
Right Hand at pleaſure: theſe Lines laſt drawn determine the Heights of the 


greater and leſſer Spirals or Scrglls. Divide @ e, the under Part of the Cornice, 
into 8 equal Parts, and a g into 7 equal Parts; alſo divide G E into 7 equal Parts, 
and make G y and E $ equal to 8 of thoſe-Parts ; this being done, proceed in 
every _ to deſcribe the two Spirals, as you did thoſe in the Corinthian Mo- 
dillion, Fig. V. Pros. IX. Lect. VIII. hereof. 


viz. to 1 Part and 5 of the Parts in A B, and which being divided into 8 equal 
Parts, is deſcribed in every Particular the ſame as En, mz op l, in Fig. III. the 
Face or Front of the Corinthian Modillion. 8 7 
To divide the Heights of the Members in the Cornice. 
Tux Height being divided before into 4 equal Parts, divide the lower 2 Parts 
into 4 equal Parts, give the firſt 1 Part to the Height of the Cavetto V, the next 
2 Parts to the Fillet T, the Dentule 8, and Fillet R. and the 4th, or upper Part, 
to the Ovolo Q. The 3d great Part is the Height of the Corona P, and the next 
and laſt Part is the Height of the Fillet O, the Cyma Recta N, and Regula 
The Projection of the Cornice W X is equal to its Height We. | 
? | 8 To divide the Dentules. - | | 
Divine » x the Height of the Denticule into 6 Parts, and make the Length 
of a Dentule equal to 5 Parts. Make the Breadth of a Dentule and an _—_— 


Fig. II. Is the Front View of this Truſs, whoſe Breadth H I is equal toBF, 
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equal to the Height of a Dentule, which divide into 3 Parts, give 2 to a Dentule 
and 1 to the Interval. \ 
H. To proportion Windows and Niches to any given Height, Fig: I. II. and III. 
7 Plate XLVI. © . 74 
Dive the given Height into 5 equal Parts, the lower 1 Part is the Height 
of the Pedeſtal, whoſe Parts are to be divided according to the Pedeſtal of any 
Order required. The remaining 4 Parts being divided into- 5 equal Parts, the 
upper 1 Part 1s the Height of the Entablature, and their Breadths, if for Win- 
dows, into 2 Parts. The Breadths of their Architraves, as m u, Fig. III. is 
_ to 8 of the Opening, and of their open Pilaſter, to ᷓ of the Architrave, as 
likewiſe are the Margins op and gr, Fig. II. when made into Niches. The pro- 
Entablatures to * placed over Doors, Windows and Niches, are exhibited 
y Figures A B CD E Fand G, Plate XLVII. But as ſometimes the Quoins | 
and Heads of Windows are ruſticated, I have therefore in Plate XLV. given five 
Examples thereof, with the Diviſions of their Parts, which explains them to the 
meaneſt Capacity. : | | 
LECTURE XIX. 


. Of PenimanTs. 


EpmenTs are employed either for Ornament and Uſe, or for Ornament only. 

Pediments for Ornament and Uſe are thoſe which are made on the Out- 
fides- of Buildings, and which muſt be entire, that thereby the Buildings under- 
neath may be wholly protected from the Injuries of Rains. Entire Pediments are 
made in three different Manners, viz. 1½, Straight, as Fig. II. Plate XLIII. 
which Workmen call a raking Pediment. 2dly, Circular, as 12 I. Plate XLIII. 
And, 3dly, Compounded of three Arches, as Fig. II. Plate XLIX. 

Tus Manner of finding the Height of the Fetivium, or Pitch of a raking and 
eircular Pediment, being already taught in ROB. J. Lect. V. hereof, I ſhall - 
therefore proceed to ſhew 

ow to deſcribe a compound Pediment, as Fig. II. Plate XLIX. 
A Comrovnd Pediment has the ſame Pitch as a raking Pediment, therefore to 
deſcribe a Pediment of this Kind, draw the raking Bounds of a pitched Pediment, 
as B A and AC, biſect B A in 3, and AC in &, alſo biſet A dm c, and 
thereon erect the Perpendicular c F, cutting the central Line A F in F. Biſect 
B in a, and C in e; on the Points a and e erect the Perpendiculars a E and 
e D, which will cut the Perpendiculars C D and BE in the Points E and D. On 
the Points E D and F, with the Radius E B, deſcribe the Arches B 5, à A d, and 
C, and concentrick thereto, at the reſpective Meiglits of the ſeveral Members 
of the Pediment, deſcribe the whole as required. 2 | 

PepimExTs for Ornament are thoſe which are imperfect, and are vulgarly called 
Broken or Open Pediments, as Fig. I. IT. III. Plate XLVIII. and Fig. I. and III. 
Plate XLIX. Theſe Sort of Pediments ſhould never be uſed without Buildings, 
| becauſe being open in the Middle, they let in the Rains on the Cornice, in the 
ſame Manner as if no Pediment was there. It is therefore that theſe Kinds of 
Pediments muſt be uſed within Doors for Ornament only, and whoſe Opening 
is generally made for the Reception of a Buſto, Shield, Shell, &c. Now ſeeing 
that to make an open Pediment without Doors is abſurd, to make an entire Pedi- 
ment within Doors, where no Rains come, muſt be abſurd alſo. 

Iv the Tuſcan Order, the Length of the raking Cornice, as A G, Plate 
XLVIII. being divided into 5 equal Parts, as at 1, 2, 3, 4; the Length of the 
Regula 1 G is equal to the 4 6.08 Parts. The ſame is all to be obſerved in a 
Circular open Pediment, as Fig. I. Plate XLIX. But in a Dorick Pediment, the 
Length of the raking Cornice is to be regulated by the Mutules, for as the raking 
Mutules, as H I, in the Pediment, muſt be directly over A By: in the level Cor- 
nice, therefore the Diſtance f h the Projection of the Cornice beyond the Upright 


of the level Mutule K, being fet from 4 to &, and the Line þ 20 being drawn, it 
| cuts 
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outs ah raking Line 5 a into 9, making the Length of the raking Cornice 
W h of the raking Cornice of an /onick Pediment is determined by 
placing a Modillion in Profile againſt a rk \nz; Modillion, as H againſt G, equal in 
Projection to F 5, the level Modillion in Profile, and making 005 t ; the Projection 
of the raking Cornice beyond the Upright of 1, 13, the Upright of the rakin 
Modillion in Profile, equal to the Projection of the level Coi nice beyond the a. 
Modillion in Profile. i | . 

Tus Jaſt raking Medillion in the Pediment is always at pleaſure, according as 
the Breadth of the Opening of the Pediment is required; and therefore it might 
have been either that over E or F, inſtead of at G over A. £7 
Mole, The ſame is alſo to be underſtood of Pediments of the Corinthian and 


Compoſite Orders. | | 
PepinEnTs are ſometimes finiſhed with Scrolls, as Fig. III. Plate XLIX. 
which are thus deſcribed. Let A B C be the Extent and Pitch of a raking Pedi- 
ment. Biſect B A and A C, in band g, find the Centers H D G, in the fame 
Manner as you found the Centers E F D, in Fig. II. Draw the Lines & D, and 
g D, and on the Points H and G deſcribe the ſeveral Members on each Side, as 
was done in Fig, II. | 
Div 5 A into 8 equal Parts. From the third Part draw the Line C D, and 
on the Center D deſcribe the Arch 6 c, and Members concentrick thereto 3 
make ce equal to 3 Parts and + of 6 A. Divide ce into 8 equal Parts, and on 
the 5th Part from c deſcribe a Circle, as the Eye of a Volute or Spiral, and 
therein find the Centers as before taught, on which turn about the two C 
and finiſh the Eye with a Roſe, c. at pleaſure, ag 
Note, Sometimes the Cyma Recta is left out of the Scroll, and the Cyma Re- 
yerſa with the Corona only, are turned about to form the Scroll, which has a 
good Effect; and then in ſuch a Caſe the Cyma Recta is ſtopt, and returned 
3s in an open Pediment. = | | 


LECTURE XXI. 
Of truffed Partitions. 


HEN Partitions have ſolid Bcarings throughout their whole Extent, they 
have no need to be truſſed z but when they can be ſupported but in ſome _ 
rticular Places, then they require to be truſſed in ſuch a Manner that the whole 

Weight ſhall reſt perpendicularly upon the Places appointed for their Support, 

and no where elſe. As Partitions are made of different F cights, to carry one, two 

or more Floors, as the Kinds of Buildings require, therefore in Plate L, I have 

given ſix Examples, of which Fig. II. V. and VL. are of one Story in Height, 
and Fig. III. IV. and VII. of two Stories. 

Tus firſt Things to be conſidered in Works of this Kind, is the Weight that 
is to be eee the Goodneſs and Kind of Timber that is to be employed; 
and proper Scantlings neceſſary for that Purpole. _ | 

Tur Strength of Timber in general is always in proportion to the Quantity 
of ſolid Matter it contains. The Quantity of ſolid Matter in Timber is always 
more or leſs, as the Timber is more or leſs heavy; hence it is, that all hea 
Woods, as Oat, Box, Mahogany, Lignum Vite, Sc. are ſtronger than Elder, 
Deal, Sycamore, &c. which are lighter, or (rather) lefs heavy, and indeed, for . 
the ſame Reaſon, Iron is not ſo ſtrong as Steel, which is heavier than Iron; and 
Steel is not ſo ſtrong as Braſs or Copper, which are both heavier than Steel. To 
prove this, make two equal Cubes of any two Kinds of Timber, ſuppoſe the one 
of Fir, the other of Oak : weigh them ſingly, and Note their reſpective Weights ; 
this done, prepare two Pieces of the ſame Timbers, of equal Lengths, ſuppoſe 
each 5 Feet in Length, and let each be tried up as nearly ſquare as can be, but 
to ſuch Scantlings, that the Weight of a Piece of Oa may be to the Weight 
of the Piece of Br. as the Cube of Cak is to the Cube of Fir ; then ng rs : 

Tieces 
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Pieces being laid horizontally hollow with equal Bearings, and being loaded in 
their Middles with increaſed equal Weights, it will be ſeen, that they will bend 
or ſag equally, which is a Demonſtration, that their Strengths are to each other, 
as the 0 of ſolid Matter contained in them. 5 
As the whole Weight on Partitions is ſupported by the principal Poſt, their 
Scantlings muſt be firſt conſidered ; and which ſhould be done in two different 
Manners, viz. Firſt, when the | Quarters commonly called Studs, are to be filled 
with Brick Work, and rendered thereon ; and laſtly, when to be lathed and 
| Plaiſtered on both Sides. 

» Warn the Quarters are to be filled between with Brick Work, the Thickneſs of 
the principal Poſts ſhould be as much leſs than the Breadth of a Brick, as twice 
the Thickneſs of a Lath ; ſo that when thoſe- Poſts are lathed to hold on the 
rendering, the Laths on both Sides may be fluſh with the Surfaces of the Brick 
Work ; and to give theſe Poſts a ſufficient Strength, their Breadth muſt be in- 
creaſed at Diſcretion ; but when the Quarters ale to be lathed on both Sides, or 
when Wainſcotting is to be placed againſt the Partitioning, then the Thickneſs 
of the Pofts may be made greater at pleaſure. The uſual Scantlings for princi- | 

Poſts of Fir, of 8 Feet in Heigl.t, is 4 or 5 Inches ſquare; of 10 Feet in | 
el ht, 5 or 6 Inches ſquare ;. of 12 Feet in Height, 6 or 7 Inches ſquare ; of 
14 Feet in Height, 7 or 8 Inches ſquare ; of 16 Feet in Height, from g to 10 
Inches ſquare, But theſe laſt, in my Opinion, are full large, where no very 
at Weight is to be ſupported. As Oat is much ſtronger than Fir, the Scant- 
; Fog of Oak-Poſt need not be ſo large as thoſe of Fir; and therefore the Scant- 
lings aſſigned by Mr. Francis Price, in his Treatiſe of Carpentry, are abludz . 
as * much larger than thoſe that he has aſſigned for Fir Poſts. To find the 
Juſt Scantling of oaken Poſts, that ſhall have the ſame Strength of any given Fir 
Poſts, this is the Rur x: | : , | 
As the Weight of a Cube of Fir is to the Weight of a Cube of Oat of the 
ſame Magnitude, ſo is the Area of the ſquare End of any Fir Pet, to the Area 
of the End of an oaken Poſt; and whoſe Coe Root 18 equal to the Side of the 
oaken Poſt required. eb 
Tus Diſtances of principal Poſts is generally about 10 Feet, and of the Quarters. 
about 14 Inches, but when they are to be lathed on both Sides, the Diſtances of 
the Quarters ſhould be ſuch as will be agreeable to the Lengths of the Laths, 
otherwiſe there will be a very great Waſte in the Laths. The Thickneſs of 
ground Plates and Raiſings are generally from 2 Inches aud Half to 4 Inches, and 
are ſcarfed together, as expreſſed in Fig. I. K LMNOPQR: ; | 
In the ſeveral Examples aforeſaid the principal Poſts have their Inter-ties and 
Braces framed into them, as expreſſed in Figures FBGHCDAKE, whoſe 
reſpective Places the ſeveral Letters in each refer to. 2 


GEECTITURE XIE 

1 Of naked Plooring. . 
＋ HE principal Things to be obſerved in naked Flooring are, firſt, the Diſpo- 
ſition of Girders, or Manner of placing them in the moſt ſecure and ad- 
vantageous Manner. Secondly, their Scantlings; and laſtly, the Manner of truſſing 

them, when their Lengths require it. N | 1 
THE are ſome Cargenters, who inſiſt that Girders ſhould be laid on ſtrong * 
Lentils over Windows, and who allege that Girders, being laid on Lentils in for 
Piers, the Piers are endangered at the Decay of thoſe Lentils. Others inſiſt, | 
| that tis beſt to lay Girders in Piers, as being the moſt ſolid Bearings, and that. | 
A if ſound oaken Lentils are laid under them, they will endure as long as the Brick 
EK Work will remain ſound. : | ey 
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: In Buildings, whoſe Piers are narrow at the renewing of Lentils, the Piers tau 

|| will be endan in both theſe Caſes; for Lentils laid over Windows muft 18 
F be laid into the Piers, on both Sides of a Window. and which, when taken ] 
| out, will make large Fractures, that will be very little leſs dangerous than the = 


othe ry, 
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other, and therefore I ſhall ſubmit this Point to the Diſcretion of the Work - 


mew.” -*- /* 3 
LENTrIts laid in Piers between Windows, for the Support of Girders, ſhould 
have their Lengths equal to the Breadths of the Piers t and thoſe laid in Party- 
Walls, or Gable Ends of Building, ſhould be equal in Length to the Diſtance that 
1s contained between every two Girders, The Thickneſs of Lentils ſhould al- 


ways be oy unte the Height of 2 or 3 Courſes of Bricks, and their Breadth 


unto a Brick's Length; fo that in every of thoſe Particulars, they may be con- 
formable to the Brick Work in which they are placed, and to that Which is 
raiſed on them. And for the better diſpoſing of the Weight impoſed on 
Girders, Lentils ſhould always be firmly bedded on a ſufficient Number of ſhort 
Pieces of Cal, laid acroſs the Walls, vulgarly called Templets, which are of ex- 
cellent Uſe. #7 ir, F185. By EY 6/0 
Ler -Girders be laid in Piers, or in Lentils over Windows, it will, in both 

theſe Caſes, be commendable to turn ſmall Arches over their Ends, that in caſe 
their Ends are firſt decayed, they may be renewed at pleaſure, without — 
any Part of the Brick Work ; and for their Preſervation, anoint their. Ends wi 
melted Pitch and Greaſe, viz. of Pitch 4, of Greaſe 1; and indeed, were Len- 
tils to be covered with Pitch and Greaſe alſo, it would contribure very greatly to 
their Duration. : ; | 
Ix is always to be obſerved, that the ſhorteſt Girders bend down, or ſag, 
as Workmen term it, the leaſt, and therefore tis always beſt to lay Girders over 
the narrow Parts of Rooms, and whoſe Ends ſhould always have; each, at leaſt 


x4 Inches bearing in the Walls, excepting in ſmall Buildings, where the Front, 


Wc. Walls are but a Brick and half in Thickneſs, when to prevent the Ends gf 
2 egg from being ſeen without - ide, their Bearings cannot much exeeed 11 
nches. | 
Ir is alſo to be obſerved, that Girders be ſo diſpoſed of, that the Boards of 
every Floor be parallel throughout the whole Floor; for 'tis as diſagreeable to the 
Eye, to ſee the Joints of Boards in the ſame Floor, lie different ways, as 'tis to { 
Steps out of one Room into another, which ſhould always be avoided. 

In the carrying up the ſeveral Walls of Buildings, it ſhould be carefully ob- 
ſerved, to lay in Pond Timbers on Templets, as afercſaid, at every 6 or 7 Feet 
in Height, cogged down, and hraced together with diagonal Pieces at every 
Angle, which will bind the whole together, in the moſt ſubſtantial Manner, and 
prevent Fractures by unequal. Settlement. | | 

Tus Diſtances of Girders ſhould never exceed 12 Feet, and their Scantlings 
muſt be proportioned according to their Lengths ; as by Experience 'tis known, 
that a Scantling of i Inches, by 8 Inches, is ſufficient for a Fir Girder of 10 
Feet in Length, the Area of whoſe End is 88 Inches, it is very eaſy to find the 

proper Scant "og for a Girder of any greater Length, ſuppoſe 20 Feet, by this 
Rule: As 10 Feet, the Length of the firſt Girder, is to 88, the Area of its 


End, ſo is 20 Feet, the Length of the ſecond Girder, to 176, the Area of ite 


Now, to find its Scantlings, that being multiplied into each other, ſhall produog 
176 Inches, the Area found, one of them muſt be given, v/z. either the Depth, 
or the "Thickneſs. In this Example, the given Depth ſhall be 12 Inches; there- 
fore divide 176 by 12, and the Quoticnt'is 14 Inches and 2 Thirds, which is the 
other Scantling or Breadth required. | 

To prevent the ſagging of ſhort Girders, tis uſual to eut them Camber, that, is, 
| to eutthem with an Angle in the Midſt of their Lengths, ſo that their Middles 
ſhall riſe above the Levels of their Ends, as many half Inches as the Girder con- 
tains Times 10 Feet. And indeed, Girders of the greateſt Length, although 
truſſed, ſhould be cut Camber in the ſame Manner. 3 
Ix Plate LIL. I have given three differen Examples for the truſſing of G rders 
and in Plate LIII. Hig. I. a fourth, which being in general plain to Inſpection, 
therefore ſubmit the Choice to the ** of the Workman 1 
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- Tar next in Order are Joi, of which there are five Kinds, viz, Common- 


| Falle Binding. Foiftr, T rimming-Toifts, Bridping-Joiſit, and Cieling- Joiſfe. Firſt, 


mmon Joiſts are uſed in ordinary Buildings, whoſe Scantlings in Fir are 


generally made as follow, vis. Joiſts of 6 Feet in Length, to be 6 and half by 
- 2 and half; of g Feet, 6 and half by 2 and half; of 12 Feet, 8 by 2 and half. But 


in large Buildings, the Scantlings are made larger, where tis common to make 


| Joiſts of 6 Feet, 5 by 33 of g Feet, 7 and half by 35 of 12 Feet, 10 by 3. 


As Oat is much heavier than Fir, tis euſtomary to make the Scantlings of 
Oak- Foifts larger than thoſe of Fir; but I believe it to be entirely wrong, 
for the Reaſon before given, relating to the Strength of Timber. Secondly, 
Binding- Foifls are generally made as thick again as Common-Foiſts of the 
ſame Lengths, which are repreſented in Fig. V. and VI. Plate LI. by n m g p- 
Sc. and which are framed fluſh with the under Surfaces of Girders, to re- 
ceive the Cieling- Joiſſi, and about three or four Inches below their u Sur- 
faces, for to receive the Bridging- Foi/ls ; ſo that the upper Surfaces of the Bridging- 
Ye uy be exactly fluſh or level with the Girder to receive the Boarding. 

Fig. IV. Plate LI. A. repreſeuts the Section of a Girder ; bb, Sc. Parts of 
two Binding- Foifts, tenon'd into the Girder, aa, Cc. the Ends of Bridging- 
Joiſli e e boarding on the Bridgings; d d, c. Mortiſes in the Binding- Joiſir 
to receive the Tenons of Cieling-Foifts ; as alſo are the Mortiſes bc, b c, Cc. 
But theſe laſt are thoſe which are called Pulley Mortiſes, into which the Ciel 


1 ing” Joift are ſlid. To underſtand this more plainly, the Figures / f are added, 
a+ - 


ich repreſent the Sections of ſo many wo 1; £29 Uh the Sec- 
tions of Joiſts between them; x x a Side View of a Bridging-7oift, 
and 5 5.5 Cieling-Fojfts, tenon'd in the Binding- Foifts, fluſh with their Bottoms, 


28 aforeſaid, to receive the Lath and Plaiſter. e Diſtance that Binding-FJol/ts 


ſhould be laid at, ſnould not exceed 6 Feet, though ſome lay them at greater Diſ- 
tances, which is not ſo well, becauſe the Bridging and Ciel/ing-Forſis muſt be 
made of larger Scantlings, to carry the Weights of the Cieling and Boarding, 
and conſequently a greater Quantity of Timber muſt be employed. But how- 
ever, as this Particular is at the Will of the Carpenter, I only add, that 
the Scantlings for Bridgings of Fir, having 6 Feet Bearing, ſhould be 4 by 
3 Inches; thoſe of 8 Feet bearing, 5 and half by 3; and thoſe of 10 Feet, 7 
oy 3. Their Diſtance from each other is generally about 12 or 14 Inches. 
e N. ABCDEFGHI, exhibits different Kinds of Tenons for Binding- 
t, which are to be practiſed as Occaſions require. The Figures V. and VI. 
hibit the View of a Floor over two Rooms, wherein the Girders F F are 
laid in the Piers CADB. In Fig. VI. the Binding-Foifts n m g fp, Sc. and 


- Trimming- Joiſtt are repreſented * without the Bridging-Foifts ; and in Fig. V. 


the Bridgi . Foie are laid on the Binding- Foifts, as when ready for to receive the 
Boarding. Example is given, only as a Specimen of theſe Kinds of Plans, 
that from thence the young Student may the better know how to repreſent Plans 
of Floors, when required. . | 

Tux Figures II. and III. are Examples of Floors made of ſhort Lengths, which 


I have given for the Diverſion of the curious. 


L E CT. XVII. 4 
/ Roofs and their Coverings. 


EFORE we can proceed herein, a Plan of the Building to be covered 
muſt be made, by which we may acquire a juſt Knowledge of the Dimen- 

ſions of every Part that will be contained in the whole Deſign, before any Part of 
the real Work be begun; and by which we ſhall alſo be taught, how to perform 
every Operation at once in the leaſt Time, and to account for, or eſtimate the 


mployed. | 
"SupPosE amr 5, Fig. II. Plate 37% d u. Plan of a regular Building to beco- 
vered, which is 50 Feet by 25 Feet in the Clear within; firſt, makes Punlldogram, 
N . | A | Y 


Lines à 3, r4, m 7, 2 wh 
n 


like Caution ſhould alſo be taken in the Diſtance of 


diſcovered by the Plan, we mu 
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by a Scale of equal Parts, whoſe Length ſhall be 30 of thoſe Parts, und Breadth 


25 Parts, which will repreſent the Inſide of the Building. Secondly, without the 


Side and Ends of this Parallelogram, draw right» Lines parallel ut Gs 
= 


Diſtance of the Breadth of the Raiſing, ſuppoſe 1 Foot, equal to 1 Part of 

Scale, Thirdly, as the Diſtance at which Brams are laid, ſhould not exceed 10 
Feet, on account of the Lengths of Cieling- Joiſtt which are framed in between 
them; therefore divide the Length of the Plan, with as many Beams as are ne- 
ceflary, as at the Points bi 4/, and tv x y, and draw the central Lines of 


the Beams 61, i v, 4x, and /y; as likewiſe the central Lines of the Plan 1 


Io, and = wv, and the Baſes of the Hips a2, r 2, and 8 , '8 7. Fourthly, 
conſider the Height of the Pitch, which let be equal to 6, 1 z then the Lines 5 4, 


Angle or Mold for their Feet, and t , for their 
Points 2 and 8, erect the 1 2, 33 2, 43 and 8, 7; 8, 9. Draw the 

ich are the Lengths of the four Hip Raſters; the 
Angle 2 à 3, is the le or Mold for all their Feet, and the Angle 4 3 2, 
for all their Tops, and which, with the Lengths of the principal Rafters being 
meaſured on your Scale of equal Parts, will give you their true Lengths in Feet 


and 5 x, are the Len e e afters, N e is the 
ie Angle 65 


and Parts of Feet. This being done, make your Raiſing equal to the Magni- 


tude of the Building, and brace its Angles, as n u, &c. which will be a very 
great ſtrengthening to them. Divide out the Diſtances of the Beams, and cog 


them down on the Raiſings, as at cd ef, which is a ſecure Method to tie the 


Building together. Set out the Mortiſes for the Cicling-Foifts in the Beams, 


ſo that the under | Surfaces of the Joiſts may be fluſh with the under Surfaces of | 


the Beams, and obſerve, that the Diſtances of the Cicling- Foiſts be agrecable to 
the uſual Lengths of Laths, that no Waſte be made thereby in the Lathing. The 
Rafters, for very oiten the 

Tiler is injured very greatly in the Waſte of his Laths. Des ; 
Wurn the Lengths and Angles of the principal and Hip. Rafters are thus 
f then conſider the proper Scantlings for them, 
and for the Beams on which they ſtand, When Beams exceed 20 Feet Extent, 


"tis always beſt to truſs them up in one or more Places, as their Lengths may re- 


uire, Beams ſhould never exceed 15 Feet in their Bearings, nor Rafters more 
than 10 Feet, and eſpecially in Roots of very low Pitch, whoſe Covering has a 


much ter Preſſure on their Rafters, than thoſe of higher Pitches, and which - 


may therefore in ſome Caſes exceed 10 Feet. The Height or Pitch of a Roof 


ſhould be agreeable to the Building it covers, and to the Kind of Materials it is to 
be covered with. 


Tur Kinds of Covering in Englund are four, viz. Lead, Pantiles, Plain Tiles, 


and Slates, Firſt, Coverings of Lead are, of all others, the moſt beautiful, but 
the Expence being the greateſt, it is therefore never uſed, but for to cover mag- 


nificent Buildings. The Height of Roofs, covered with Lead is at pleaſure, but 
now. *tis — uſed for Roofs that are very low, and which is commonly 2 
Ninths of the Building's: Breadths, which is called Pediment Pitch, Secondly, 
Coverings 7 Pantiles may be al'o uſed to low Roofs, but the general Pitch is 3 
Eighths of the Building's Breadth. "Thirdly, Coverings of plain Tiles and Slate: 
have generally the higheſt Pitch, on account, that when they are laid on low 
Roofs, the driving Rains will enter between them. "The Pitch allowed for theſe 
Kirſds of Coverings is that, whoſe Rafter's Length is equal to 3 Fourths of the 
Building's Breadth, and which. is called ru, Pitch. + : 7585 
To form the Truſſes for principal Rafters, we muſt divide the Length of 


the Rafttr into ſome Number of equal Parts, each to contain about 10 Feet; 


and at thoſe Parts place ſuch Collar-Beams, Prick-Poſts, and Struts, as 
are ſufficient to ſupport them. In Plate LIII. are 15 Deſigns for the truſſing 
of principal Rafters, whoſe Beams extend 15, 30, 45, 60, and 75 Feet, and 
whoſe ſeveral Pitches are made agreeable to the aforeſaid Coveringss Lig. * 
R are Extents 15 Feet each, the firſt for Lead, the laſt for Pantiles, which 


U 2 require 


ops. On the. 
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* no Help from Collar - Beams, c. but Fig. T, of the ſame Extent, being 
higher, and conſequently has longer Rafters, muſt be helped by a Collar-Beam 
placed between them; and for the ſame - Reaſon, Fig. K, whoſe Beam extends 
yo Feet, muſt have two Collar-Beams, whilft Fiy. C and D, of the ſame Extent, 
whoſe Pitches are lower, and Rafters are ſhorter, will each do with one Collar- 


Beam. . | t 
Wr the Extent of Beams is ſuch, that the Length of Collar-Beams will 
be too great, which ſhould never excced 15 Feet at the moſt, the Weight of the 
Rafters and their Coverings muſt be ſupported by Prick-Poſts and Struts, framed 
into King-Poſts, by means of which the Beams will be truſſed up ſecure, and the 
whole Weight ſtrongly ſuſtained. For this Purpoſe all the remaining Examples in 
this Plate, and thoſe in Plate LIV. are given, which being in general conſpicuous, 
equires very little more Explanation. 
851 — Plate LIV. the Figure E exhibits the Manner of framing the Font of a 
incipal Rafter into the End of a Beam, where a is a Part of the Rafter, %, a 
Part of the Beam, and e d, the Tenon of the Rafter's Foot in its Mortiſe. "The Fig. 
C exhibits the upper Part of a King-Poſt, with its Joggle dd, into which ee, 
the upper Parts of two principal Ratters, are framed, . Shoulders 6 þ muſt 
be made truly ſquare to the Joggle. The Fig. B exhibits the Manner of fram- 
ing the lower Parts of Struts, as 5 e, into the Joggle of a King-Poſt, as at 4 & 4, 
| whoſe Shoulders ſhould alſo be ſquare to the Joggle, or as nearly ſquare as pofli- 
ble; un is an Iron Strap, to bind the Beam g g unto the King-Poſt B, which is 
bolted through the King-Polt at n n. | | 
As the common Method of framing the Truſſes of principal Rafters of large 
Roofs, is to lay the whole Weight of the Beam and Covering upon their Feet, 
they therefore ſhould be ſecured at the Beam with Iron Straps, to prevent their 
— out, in caſe that their Tenons ſhould fail. According to this Method all the 
ruſſes in Plat? I. III. are made; but as I apprehend this Method was capable of 
Improvement, I therefore conſidered, that if under the lower Parts of principal 
Rafters, there be diſcharging Struts framed into the Beams and Prick-Poſts, as a 8, 
o Fig. A, Plate LIV. they will diſcharge the principal Rafters from the greateſt 
Part of the whole Weight, 
Tux Truſs, Fig. F, bath its Struts turned the contrary Way to all the pre- 
ceding, and the whole Weight is taken off the Raſters, by the diſchargin 
Struts ec and 5 g, for the whole Weight that hangs on the King-Poſt is To 
tained by the Struts a d and h %, which are ſuſtained by the Prick-Poſts c d and 
& f, which are ſuſtained by the diſcharging Struts ce and g. In the'ſame Man- 
ner the Weights of the Truſſes, Fig. G, M, R, P, 8, and T, are diſcharged by their 
diſcharging Struts, which are ſhaded to diſtinguiſh them from the others. The 
Truſſes H I. N are for Buildings that have arched Cielings, which are tied in 
by their Hammer-Beamg / i, in Fee. H, e l, and /i, in Fig. L, and di, and dg. 
in Fig. N, which muſt Be made very ſecure by Straps and Bolts, as at # and c, 
in Fig. H. The Truſſes G and I admit of Garrets. But the Top of Fig. I. 
which is called a Trunk Roof, muſt be covered with Lead. The Truſſes OQ R 
and S are Truſſes for M Roofs; thoſe of O K and S are wholly ſupported by 
their King-Poſts and Struts, but that of Q muſt have its Gutter at a, ſup- 
Ported either with a Party-Wall, or truſſed Partition, as Fig. K, whoſe princi- 
= Poſts are a a, Wc. the Gutter Plate d d, Ec. and Struts cc. The Trufs, Fig. 
D, as alſo g. B, Plate LV. are for the Roofs of Churches, which are ſuppoſed 
to be ſupported within- ſide by Columns at b and c. 8 
Tux next and laſt Kind of Roofing whoſe Timbers are ſtraight, is that of Spires 
on the Towers of Country Churches, as Fig. G, Plate LVI, The Height or 
Pitch of Spires is from 4 to 5 of the Towers Diameter on which they ſtand. 
And as the ſeveral Hips have an equal Inclination, they do, therefore truſs up 
each other. *Pae Baſe of a Spire is generally an Octagon, whoſe Manner of 
framing is exhibited by Fig. A, which if made of good Oak, and. ſecurely 
bolted down on the Heads of eight principal Poſts, fixed in the Sides Ln the 
| ; : ower, 


Aa 


\ 
* 


nn 


* 
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 Fourthly, 
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Tower, will ſtand unto the End of Time, could the Materials endure ſo long. 
"The ſecond Example, Fig. C, has its Spire placed on an Ogee Roof at e f, framed 
together as Fig. B, which is repreſented at * and whoſe Baſe g 5 is framed 
together as Fig. D. The third Example Fig. H, whoſe Spire is placed on a 
Lanthorn, is ſomething more difficult than the preceding, and therefore Fig. F 
is given to ſhew the Manner of framing the Lanthorn, and Figure E the Kirb to 


the Lanthorn's Head. 


As I have thus given a brief Explanation of theſe ſeveral Sorts of Truſſes for 

ſtraight Raſters, it will be neceſſary to ſay ſomething of the Scantlings of Beams 

and Rafters before I proceed any further. | 
I. Of the Scantlings for Beams. 


„ Incher. 
If the Tinh 1-5 1 
the ngt 5 . 9 7 
of a Beam 85 * e 10 85. 
of Fir be 75 | io 10 
90 13 102 
II. Of principal Rafters. 
Feet, io Inches. Inc her. 
5 1 24 5 by 6 (7 by 6 
If the Rafter ſ 36 | Its * [7 6 CY 7 
be of Tir, 41 pat Top ſho 9 7 ee ee 
and its Length | 60 be 10 72 10 9 
| 72 | w 9 5 11 92 
it III. Of ſmall Rafters. FP 
on. - Inches. 


If the Length of 8 5 Its Scantlings 4x by 3 


10 5 3 
the Rafter be 8 ſhould be 6 


Circular Roofs are the next that come under our Conſideration, which are 


Firſt, Cylindrical, as Fig. A, Plate LV. Secondly, Spherical, as Fig. G and N. 


Thirdly, Spheroidical, as Fig. D, which two laſt are velgerly called Domes. 
1 as Fig. C A. Fifthly, Bell Roofs, as Fig. I K. 
Sixthly, Bottle or Ogee Roofs, as Fig. M. And Laſtly, Compound Roofs, as 
Fig. C and L. And as by Inſpection 'tis plain, that theſe Roofs in 12 have 
their Truſſes formed by the ſame Principles as the preceding, I need only add, 
that Fig. F is the Plan of a Spheroidical Dome whoſe ſeveral Truſſes are con- 


nected together at their Tops, by the horizontal Braces, a6 c d, on which the 


Lanthorn D is erected. | 5 

Fig. H is a half Plan of the ſpherical Roof or Dome, Fig. G, whoſe Pur- 
loins / d, and egi l, are repreſented by the concentrick Semi-circles 5 3 4 8, 
and 6 1 2 7, and the Baſe of each Truſs by the central Lines g a, r 2, s x, ! 4, 
and y v. The ſeveral Ribs, or principal truſſed Rafters, mu diminifh as their 
Baſes a ?, * 5, fc. and may either be framed into a horizontal Kirb at Top, as 


r Kg, or connected together as in Fig. F, on which the Langhorn F may be 


erected. 
Now as by the preceding we have taught how to find the Lengths of our ſeveral 


Raftera, to give them their proper Scantlings, and to * 4 them and their 


Beams, in ſuch a Manner as the Nature of the Work require, I ſhall now 


procced to ſhew 
| Hom to lay ont Roofs in Ledgement, Fig. IV. Plate LVII. 

To lay out a Roof in Ledgement is no more than to lay out the Skirts and 
Ends; but thereby is taught how to find the Lengths and Angles of every parti- 
cular Part, and conſequently the Quantity of the whole, 


: 5 | ' ExanrLE 
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Lx 436 d, Fig. IV. Plate LVII. be the Plan of a Raiſing apy, regular 
* Roof, wherein = 5, 1 3, 2 2, = p are Beams; o# and o'p the ines of 
2 Pair of 1 Rafters ; or the Height of the Pitch; - bandr d, alſo a mand 
e my, the Baſe of the four Hips; rs and y g, each equal to ro, the Height of the 
Hip · Rafters, whoſe Lengths are +4 and gd. On the Ends a c and ò d make the 
Iſolceles Triangles b e d and a fc, whoſe Sides b e, dee, and @ , Fe, are each 
equal tos ů, the Length ofa Hip-Rafter. Continue the central Lines of the Beams 
y and n p to J and x, and to 4 and ww, making 4 z, In, y wand p x, each equal 
to the Length and Breadth of a principal Rafter ; and draw the Lines a 1, 4 and 
14, alſo c ., w x and x d. This being done, draw in ſuch other principal Raf- 
ters as are requiſite, and between them the Purloins, as 8, 9, 6, 5, 7, Ec. at 
Diſcretion, obſerving not to place any two Purloins directly oppoſite, whoſe two 
Mortiſes would weaken the — very much. Laſtly, between the principal 
Rafters draw in the ſmall Rafters, and then the Lengths and Angles of every par- 
ticular Part of the whole Roof will be detcrmined, and from which a juſt Edi 
mate of the Quantity of Timber that will be employed therein (Regard being 
had to the Dimenſions or Scantlings of the ſeveral Parts as aforeſaid) may be made. 
In Fig. VI. the Angle OP R being equal to the Angle o - in Fig. IV. therefore 
the Angle at P is the Bevel of the Feet of the principal Rafters, as the Angle at 
O, for the ſame Reaſon, is the Bevel of their Tops; and the Angle 8 B R, Fig. 
V. being equal to the Angles br in Fig. IV. therefore the Angle at B is the Be- 
vel of the Feet of the Hip-Rafters, and S is the Bevel of their Tops. The Fig. 
A Bon the Left-hand exhibits ex made by a Purloin and a Hip, as by a 1, 
and the Purloin 12, 14, the Meaſure of whoſe Angle is the Arch 13, 15. Fig. 
VII. repreſents a Pair of principal Rafters truſſed up, on whoſe Prick-Poſts is 
placed a Cupola, as fig b. 
Tur next in Order is, to find the Angles of the Jack-Rafters againſt the Hips, 
and to back the Hip-Rafters. | 
As Jack-Rafters are parallel to one another, therefore all their Angles againſt 
We Fefe make the Fader, el. x fit to the upright Side of a Hip-Rafter. 
o make t of a Fack- Raſter fit to the upright Side of a Hi 3 
Tux are two An 75 1 be "ery that is, * won. Ao u e urface of 
the Jack · Raſter, the other on its Sides from the Ends of the former. The Angle on 
its upper Surface is the Angle made by the upper Edges of the Jack and Hip; and 
which is that, that every Jack-Rafter makes with the Hip-Rafter in the Ledge- 
ment, as every of the Angles between e and . Therefore from your drawing 
in Ledgement, ſet your Bevel to one of thoſe Angles, and the ſeveral Jack-Rafters 
being cut to their reſpective Lengths, at their upper Ends on their upper Surfaces, 
apply that Bevel, and deſcribe the upper Angles. This done, take the Mold 8, 
made for the Tops of the principal rs, and apply it againſt the Sides of each 
ack-Raſter, at the Ends of the Angle ou their upper Surfaces, and by its upper 
"ge draw Lines; then from the Line of the upper Angle, through the Lines on 
the Sides, ſaw through the Rafter, and that Cut will be the Angle required. 
To find the Angle of the Back of a Hip-Raſfter. | 
From the Point c let fall a Perpendicular, as ch, on the Hip fa; make cg. 
" equal to ; alſo make à i equal to ac; draw the Lines cg and gi, and the 
Angle cg i will be the Angle or Back of the Hip required. | | 
Exaur IE II. Fig. V. Plate LIX. 1 
Tuis fecond Example is of a regular double Roof, which is hip'd as the pre 
ceding, with Valleys within-ſide. l | | 
Tus Outlines of this Plan are a fg &, wherein þ B, B E, E i and i 5, are the 
Ridges, a B, E Vik and g are the Hips, 5A C, BAC, D A E and DA i are 
the Valleys, A C, D A the Gutter, { the Height of the Pitch, ę 9 and 1 4 
Pair of principal Rafters, v/ and 7 Hi Rafters. By the laſt Example, => 
out the nde. 1A, and a B hg, alſo the Skirts abe Fand g A IA; continue g H 


to c A I to ws, c, and fe to d, and becauſe the Lengths of the Valleys me 
= equ 


Toy... 


) 


ö 
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equal to che Lengths of the Hips, therefore make H c, I 4 b c, and de, cach 
| esse as 1, and draw the Lines cd and 6 d, this being done, 

draw in all the principal and ſmall Rafters at Diſcretion, and then the whole 

will be completed, as required. | , | 
0 | Examyte III. Plate LX. | 1 8 

- Tars third Example is of an irregular double Roof, whoſe Ends are hip'd, and 
whoſe Plan is ? 2 x, wherein r 5, 50,0 1,1 n, n v and ver are its Ridges, 
ti, fo, 21, 2m, vy and rx are its Hips, r 9, 1 v are the Valleys, 
wQaa er, and m on a Flat; 345 and 5 7 8 are two Pair of principal 
Roſters, t, r x are the Baſes of the Hip-Rafters, f, 1 2, and 1 3, x, o and 2 K 
are the Baſes of the Hip- Rafters 2, 1 4, and yr; 2 m is the Baſe of the Hip- 
Rafter = 1 6, and vy of the Hip-Raſter y 1 7. wy 

On the Points 5 and r erett the Perpendiculars 2, 1 2, and r 1 3, each equal to 

the Height of the Pitch, and draw the Lines 1 2, 5, and 1 3, x, which are the 
Lengths of thoſe two Hip-Rafters. In the fame Manner, on the Points o, 1, u, 
vy erect Perpendiculars of the ſame Height, and draw the other Hip-Rafters : this 
done, by the firſt Example lay out the whole in Ledgement, and fill up the ſeveral 
Skirts and Ends fg hi, I l, ca and d e, with their principal and ſmall Raftere, 
which will complete the whole, as required. : es FL | 

Note, Ir the Drawing be made on thick Paper, and the whole be cut out, by 
the Outlines, you may, by bending the Drawing on the Lines 'of the Eaves 
— Ridges, fold up the whole, and thereby form a real Model of the Work to 


done | 
Exanete IV. Plate LVIII. 

Tuis Example is of an irregular Roof, whoſe ſeveral Angles are Bevel, where-' 
in tg a is the Plan, 1 1, e; 1 2, #; 13,/; and t 4,0; are the Beams over 
which the principal Rafters are to ſtand. | | | - 

Lar the Line en be the Baſe of the Ridge, which is to be at ure, 
and let ?c, ac and ns, ng be the Baſes of the 4 Hips; on the Points c g E erect 
the Perpendiculars c d, 2 f, Ii, and n m, which make each equal to the Hes ht of 
the Pitch, and draw the Lines d 11, de; fi2, ; i 13, iI; m 14, mo; which 
will be the Lengths of the ſeveral principal Rafters. At the Points c and =, ere& 
the Lines n r, np, and c v, c 6; perpendicular to the Baſes of the Hips, and each 

ual to the Heights of the Pitch, and draw the Lines 7 v, a b, and rs, f gy 
which are the Lengths of the ſeveral Hip-Rafters ; make s x, and x g, the Sides o 
the Scalenum Triangle s x 9, equal to r s and þ q, alſo ? w and w a, equal to tw 
and à b, which will complete the Ledgement of the Ends. Make 1 4 2, equal 
to the principal Rafter 1 4 m, ands equal to the Hip r, alſo make o 2 
to the principal Rafter o m, and g equal to the Hip pq; alſo make e y equal to 
the principal Rafter 4e, and a y equal to the Hip wa; allo make 8 y equal to 
the principal Rafter d 8, and y equal to the Hip ? v. Make y Wand y Y each 
equal to cg; alſo WX and Y Z each equal to g 1; alſo X z and Z = each equal 
to 12. Draw the principal Rafters 12 W, 13 X, and V, IZ. Laſtly, draw 

in the Purloins 21, 22, 20, 23, 24, at Diſcretion, and they will — the 
whole Ledgement, as required. | 

As the Beams lie oblique to the Raiſings, therefore all the principal Rafters 
muſt be backed, which is thus performed : | | | 

LIT de, Fig. E, repreſent that Part of the Raifing, that is at the Foot of the 

rincipal Rafter d e; alſo let C E repreſent a Part of the Beam tie; and 5 the 
were of the Rafter de; and make the Angle D E C be equal to the Angle 
dec. | | | 1 

From the Point yin Fig. E, erect the Perpendicular y x ; then the Foot of the 

Rafter being made equal to the Angle D E C on the left-hand Side, ſet off the 

Diftance à x, and from the Point 2 ſtrike a Chalk Line up the Side of the Naſter 
parallel to its upper Edge, and then a Fletch being cut off from y the right-hand 
Angle to the Chalk-Line aforeſaid, the Rafter will be backed as 72 RM 
| In the fame Manner the other Rafters f l, i l na, Cc, walk e 
: n Ex 
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expreſſed by the Figures H L and O. And the Angles D E C and EDC, in Fi. 
E, * equal to the Angles de c and e de, c. are the Molds for the Top and 
Foot of the Rafter de, 22 The ſame is alſo to be underſtood of the Molds of 
the ſeveral Hip-Rafters in Figures T VC, RNS, DCE and PNQ, whoſe 
Angles are equal to the 1 Angles of the Feet and Tops of thoſe Hip-Raf- 
ters againſt which they are placed. The next and laſt Work is to back the Hip- 
Rafters, which is done by this general Rule, 72 
Tusovon any Part of the baſe Line of a Hip- Raſter, as the Point 10 in n 9, 
draw a right Line as g 8, at right Angles, cutting the Qutlines of the Raiſing in 
the Points g and 8. From the Point 10 let fall a Perpendicular on the Hip- 
Naſter 5 9, as 10, o make 10, 2, equal to 10, o, and draw the Lines g 2 and 
2 8, then the Angle g 28 is the Angle of the Back of the Hip p gz as required. 


mr LECTURE XXIV. | 3 
Of the Manner of deſcribing Angle-Brackets and Hip-Raſters in polygonal Roofs. 
S Brackets are uſed very frequently in Buildings, 1 ſhall therefore ſhew 
Abe to find the Curvature of any L by one general Rule, as 
owS: | 
LIN Ain Fig. VI. Plate LIX. be a Front Bracket given, whoſe Height is d 5, 
its Projection @ 6, and its Curve a Cavetto ; and let the ſhaded Parts 5 repreſent 
an Angle of a Building, againſt which the Cove is to be fixed. | 
Draw the Lines à h and + i parallel to the two Sides of the Building, at the 
Diſtance of the Projection of the Front Bracket, and draw 7 d the Baſe of 52 Front 
Bracket, and / h the Baſe of the Angle Bracket; divide 7 c into any Number of 
equal Parts, as at the Points 6, 5, 4, 3, 2, 1, and draw the Ordinates 6,8; 5,93 
4, 10; 3, 11; Cc. divide bf into the fame Number of equal Parts as 7 e is di- 
vided, which will be done by continuing the Ordinates of 7 c, until they meet - 
b f in the Points 6, 5, 4, 3, Sc. whereon erect the Ordinates 1, 13; 2, 12; 
3, 11, Sc. equal to 0 Oreinates 1,13; 2,123 3, 11; Sc. on the Line 7c; 
and through the Points 13, 12, 11, 10, 9, 8 /, trace the Quarter of an Ellipſis, 
which is the Curve of the Angle-Bracket required. i 
By the ſame Rule, all other Kinds of Angle- Brackets may be deſcribed, and 
which is very evident. . | | | 
 1+AY Fig. I. II. III. IV. VII. VIII. IX. which exhibits all the Varieties of 
Brackets, at acute, right and obtuſe Angles, and wherein the Front Bracket in 
2 1 is expreſſed by the Capital A, and the Angle-Bracket by the 
ital B. | 2 
Tus Curvatures of Hip-Rafters to polygonal Roofs, that is, thoſe whoſe Plans 
are Polygons, as the Figures IL MN, Plate LVI. are alſo found by tranſpoſing 
2 Ordinates of a principal Rafter (which muſt be given) upon the Baſe of a Hip- 
ter. | 
Surrosk, in Fig. I. ad to be the Baſe, over which the Cavetto principal 
Rafter c d is to ſtand, aud let a e be the Baſe of a Hip-Rafter. Divide a d into 
equal Parts, and draw the Ordinates 2, 1; 4, 3, Oc. on the Line à d] divide 
ae in the ſame Manner as @ d, and on the Line a e draw the Ordinates 1, 23; 
3, 43 5, 6, Oe. and from the Point 3, through the Points 2, 4, 6, 8, Cc. 
trace the Curve of the Hip-Rafter as required. In the ſame Manner in Fig. L., 
the principal Raft er c d being given, the Hip-Raſter be is found; as alfo are the 
Hip- Raſters þ e in Fig. M, and ce in Fig. N, the principal Rafters being firſt 


siven 
Of the Formation of the Heads of Niches. | : 

ICHES, quaſi Nidi, or Nefts, of old Concha, were a Kind of Pluteus, or 
mall Tribunals, and are fo ealled by the Italiana to this Day, wherein 
Statues are placed to protect them from the Injuries of Weather. The Heads of 
Niches are made four different Ways, as, fi, with Bricks; ſecondly, with 2 
by! . : F . : i 5 
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thirdly, with Ribs or Quarters, lathed and 'plaiſtered, or covered and lined with 
ſlit 8 and, Yaftly, with divers Thickneſſes of Plank glewed upon one 
another. | 

Tnos made with Bricks or Stone are built upon Centers of Wood, which are 
the very ſame as thoſe which are covered with flit Deal, and are of two Kinds, 
vix. the one ſemi-circular, the other ſemi-elliptical. 

I. To make the Center for the Head of a ſemi=circular Niche, Fig. VII. Plate LX. 

Make a ſemi-circular. Raiſing, equal to the Plan of the Niche, and cut out as 
many Ribs as afe neceſſary, each equal to half the Curve of the Raiſing, and of 
the ſame Curvature; cut out the curved Front, whoſe Breadth is at pleaſure, and 
whoſe Curve mult be equal to that of the Raiſing : This done, fix your Front- 
* on the Ends of the Raiſing, und then the Diſtances of the ſeveral Ribs being 
ſet out on the Railing, as at the Points c de f gil, fix thereon the ſevera 
. Ribs, which connect together at a, and then will they be ready to receive their 
Covering and Lining alſo, if required. | | 
| - To cover or line the Head of a Niche, Fig. K. Plate LVI. 

Lxra /c be the Plan of the Head of a ſemi- circular Niche, and complete 
the Circle a fc d. Draw the Diameters abc, and d %, continued out towards 
at pleaſure. Make fr, and fs, each equal to 1 fourth of af; then fs will 

be equal to half a /, and draw the Lines 5 and 5 . Divide bd into any 

Number of equal Parts, and draw the Ordinates 1, 8; 2,9; 3, 10, Sc. and 
on the Points where thoſe Ordinates cut the Semi-diameter. # d, with the Ra- 
dius of each Semi-ordinate, deſcribe Semi- circles, as the dotted Semi-circles ig 
the Figure. Make e p equal to the Curve 4 ,. Make fp equal toa1; fo 
equal to a 2, / n equal to a 3, fm equal to * equal to a5, f & equal 
to à 6, and / q equal to a 7. On the Point e deſcribe the Arches 13, 14; 11, 
123; 9, 10, & » BiſeQ the half Part of each of the dotted Semi-circles, as f c 
in i, 18 in 2, in 4, 510 in 6, 7 11 in 8, 9 12 in 10, 11 13 in 12, and 
13 14 in 14. Make l. and fg, each equal to half the Arch / i; p l, and p 2, 
each equal to half the Arch 1 2; 0 8 and o 4, each equal to half the Arch 
343 and ſo in like Manner, = 5, and 5 6, to half the Arch 5, 6, &c, From 
the Paint e, through the Points 12, 11, 9, 7, Oc. and 14, 12, 10, Se. trace 
the Curves e ande g,; then four ſuch Pieces, as e % g, will cover the Head of the 
Niche, as required. 

Note, Ir the Niche be to be lined, then the Diameter of the Circle, being 
made equal to the inſide Diameter of the Niche, the Lining may be found in the 
fame Manner The ſame Method is alſo to be uſed, for the Covering or Lining 
of a Scmi-elliptical-headed Niche, as is plainly ſeen by Pig. O, where every of 
the ſame Operations is performed on the Plan of an Ellipiis, and where eh is 
the Covering for 1 eighth of the whole Hemiſpheroid. 
As ſometimes the Niches are made ſemi-polygonal, it is neceſſary to ſhew their 
Covering alſo, and which is of great Uſe in the Covering of polygonal Roots, as 
thoſe of Banqueting-Houſes, Turrets, Sc. | 

Let Fig. * Plue LVL. be a Plan given, whoſe principal Rib or Rafter is 
cd, and Hip be. Make the Length of / equal to the curved Length of c d, 
and draw the Lines g a and ba, Draw the Ordinates to the principal Rib 
d on its Baſe a d. ake the ſeveral Diſtances 4, 1, 2; 2, 3, on the Line 
& f, equal to the ſeveral Parts of the Principal c d, as they are divided by the 
Ordinates, making 44 equal to the firſt Part from 4; 1, 2, equal to the ſecond 
Part, 2, 3 equal to the third, &c. Divide 4a in the 3 as a d, 
at the Points 1, 2, 3, &c. through which draw right Lines parallel to gh, to 
terminate at the Lines g a and h a; alfo through the Points 1, 2, 3, in the Line 
+ f, draw right Lines at pleaſure, and parallel to g %. Then making the Lines 
1,9; +, 63 5705 Oc. on the Line £ f, equal to the Lines 1, 7; 2, 8 3,9, 
Oc. on, the Line 4 a; and from /, through the Points 13, 12, 11, Oc. to 6, 
trace the Curve f. In the ſame Manner trace the Curve fg. Then the Piece 
Fg b, being bended up, and laid on the _ Hips that ſtand over the Line g 4 


and 


* 
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and : a, will be the Covering for that Side of the Roof or Niche, as re. 
uired. 
Note, The Coverings to the two Ogee Roofs M and N, and the Cavetto Roof 

I, are found in the ſame Manner, as is evident to Inſpection. 

II. To male the Center of the Head of a ſemirelliptical-headed Niche, Fig. IX. X. 

XI. Plate LX. 

LIN 3 24 Fig. XI. or ebg, Fig. X. be the Plan of an elliptical- headed 
Niche. Firſt, Make the Raiſing and Front, each equal to the Plan, and fix 


them together. Secondly, Cut out the middle Rib, which is a Quadrant, whoſe 


Radius is equal to a 1 and fix it on the Raiſing at /, and to the Front - Piece at 
a, as in Fig. IX. which will keep the Front-Piece in its true Poſition. This 


done, ſet out the ſeveral Diſtances of the other Ribs, as at gh i4, Cc. in Fig. 


XI. and draw the Lines, g a, h a, i a, and 4 a. Thirdly, If the Lines g a, 
5 a, i a, and & a, be each conſidered as the ſemi-tranſyerſe eee of ſo man 
Ellipſes, whoſe ſeveral ſemi- conjugate Diameters are each equal to the ſemi- 
conjugate Diameter 4 FL then one half Part of every of thoſe Semi-ellipſes 
will be the true Curves 

Raiſing, at g hi, Oc. and which being connected together, as at a, in Fig. IX. 
and either covered or lined, by the Rule before delivered, the whole will be com- 


roms, as required. . 1 
II. To make a ſemi-circular- headed Niche, with the T hickneſſes of Boards, Planks, 


&c. glewed upon one another, Fig. XIV. Plate LX. 
Figs r, let c ae be the Face of the Niche, deſcribed on a Wall or flat Pan- 


nel, Oc. Divide its Height 1 a, into ſuch equal Parts as will be agreeable 


to the Thickneſs of your Plank, as at the Points 4, 7, Cc. through which draw 


Tight Lines parallel to c . On the Edge of your Plank fix a Center, and de- 
ſcribe a Semi-circle thereon, equal to the Plan of your Niche ; apply a Square to 
the Center, and draw a Line on the Edge to the other Side, to find the oppoſite 
Center, whereon, with a Radius equal to 4 6, deſcribe another Semi-circle ; 
then with a turning Saw, cut through from 1 Semi-circle to the other, and then 
your firſt Thickneſs is made. Secondly, on the Edge of your next Piece of 

k fix a Center, and thereon deſcribe a Semi-circle equal to the laſt. Ap- 
ply a Square to the Center, and find the oppoſite Center as before, whereon 
with the Radius 7 , the half Length of the Line that paſſes through the next 
equal Part, deſcribe another Semi-circle ; and with a turning Saw, cut through 
from one Semi-circle to the other, and then is your ſecond Thickneſs ate. 

Proceed in like Manner with all the remaining Thickneſſes, obſerving-to make 
the under Semi-circle of every Piece, equal to the upper Semi-circle of the next 
laſt, and which being glewed together, when the whole is dry, clear off the 
Inſide with a circular ſmoothing — whoſe Curve is ſomething quicker than 
the Curve of the Niche. | n | 
IV. To make a ſemi-elliptical. headed Niche, with the Thickneſs of Boards, Planks, 

1 &. gleqwwed upon one another, Fig, XV. Plate LX. 

LeT dbe goes the ſemi: elliptical Niche required. Divide its Height 
a 6 into equal Parts as before. Make a bc, Fig. XIII. equal to 6 a e, Fig. XV. 
Make à c, and c d, at right Angles, and each equal to @ 6, the Height of 
the Niche, Fig. XV. and on c deſcribe the Arch à 3, which repreſents the mid- 
dle Depth of the Niche, Divide a e, Fig. XII. and ab, Fig. XIII. {which 
are each equal to 6 a, the Height of the Niche, Fig. XV.) into the ſame Num- 
ber of equal Parts, and from thoſe Parts draw Lines parallel to cd, and bc ; 
then will the Parallels in Fig. XIII. be ſemi-tranſverſe Diameters, and the Paral- 
lels in Fig. XII. will be ſemi-conjugate Diameters of the ſeveral Ellipſes, which 
are to be deſcribed on the upper and under Surfaces of the ſeveral Fhickneſſes of 
Planks, Oc. in the very ſame Manner as the Semi-circles in the preceding Exam- 
ple, and which being glewed together in ike Manner, will form — 
eaded Niche, as required. N | 
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or the ſeveral intermediate Ribs, that are to ſtand on the 
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of Roofs, as is evident by the ſeveral Defigns in Platz: LXI. and LXII. 
In Plate LXI. I have 3 Deſigns; that of Fig. IV. is an Aperture equal 
to 30 Feet; that of Fig. I. to 45 Feet; and that of Fig, V. to 60 Feet: The 
Fig. II. is a Section of the ſeveral Profiles, whoſe Breadth is equal to 50 Feet. 
The Piles that ſupport the Truſſes of theſe ſeveral Deſigns are ſuppoſed to 
riſe a ſufficient Height above the Flowing of the Water, io that the Joints in 
the ſeveral Truſſes erected thereon may not be affected thereby; and when the 
Depth of a River is ſo great, that the Length of Piles above the Bed of the 
River muſt exceed, when driven, 25 or 30 Feet, then Super-Piles muſt be 
erected upon horizohtal Beams, mortiſed down upon the Heads of the lower 
Piles, as in every of theſe Examples. The Scantlings proper for Piles to 
ſuch Bridges ſhould not be leſs than one Foot in Diameter, at the Middle of 
their Lengths, The Fig. III. repreſents Part of the Plan, with the Baſe of two 


RIDGES. of- Timber differ very little in their Truſſes from thoſe 


Truſſes, a and b, whoſe Diſtances in the Clear ſhould not exceed 10 Feet; be- 


cauſe on them the Joiſts which carry the Floor of the Bridge are laid. The 
under Piles muſt be ſhod with Iron, that they may the better penetrate through 
the ſeveral Stratums of Earth, into which they are to be driven. Before 
Piles are driven, the whole Weight of the Framing that is to come on them, and 
the Weight of the Planking on the Joiſts, Clay, Gravel, Pavement, c. ſhould 
be eſtimated nearly to the Truth; otherwiſe the Piles cannot be driven with 
any Certainty, and which is thus to be performed, viz. Divide the total Weight 
to be ſuſtained, by the neceſſary Number of Piles, and the Quotient will be the 
Weight that each Pile is to ſupport. Then each Pile being driven until it re- 
fit a Force much greater than the Weight it is to ſupport, it may be depended 
_ that afterwards there cannot be any Settlement by the Weight it is to 
uſtain. ; | 

Tur Scantlings for the Beams of Truſſes ſhould be about 12 Inches by 9g 
Inches, as alſo ſhould be the ſeveral King-Poſts. But the Struts and Joiſts need 
not exceed ꝙ by 6 Inches, and the Plank on the Joiſts being made 3 Inches in 
Thickneſs, will be ſufficient. Before the Timbers are worked (which is ſup- 
poſed co be of the heiſt Oak), *tis beſt to cut them out to their Scantlings, and 


lay them in a running Water for a Month at the leaſt, to ſoak out the Sap, 


which is very deſtructive, and then dry them thoroughly over a Saw-duſt Heat, 
Sc. before they are worked. If this be carefully done, and the Work kept 
dry whilit working, and being truly framed, there will be no ſaggitig in the 
Work, as uſually happens by the ſhrinking of the Timbers, when they are not 
thus ſhrinked before working; nay, I have experienced, that Timbers ſo prepared 
have always fwelled afterwards, and made the Joints much cloſer than when 
firtt put together. It is alfo adviſable, for the better preſerving of the Te- 
nons, that every Mortiſe and Tenon be well covered over with a good Bod 
of White Lead, and boiled Linſeed Oil, which will endure along Time; and will 
not permit any Rains to enter the Mortiſes, to the Prejudice of the Tenons. 
The Ends of the Joiits ſhould alſo be covered with brown Paper, dipped in Pitch, 
and Sheet Lead laid over the Paper. And for the more effeQual preſerving of 
the Plank and Joiſts, the Plank ought to be covered with a ſtrong Clay, firmly 
rammed down unto about 9 Inches in Depth, on which the Road of Gravel and 
Pavement, or Gravel only, of a ſufficient Thickneſs is to be laid, with'a _ 
in the Middle, to diſcharge haſty RAins to the Sides, as exhibited by B, in Fig. I. 
Plate LXII. | | 
In Plate LXII. are two other Deſigns, each of 100 Feet O 


X2 koners 


- 


ning, Which I. 
made for the New Bridge at Veſiminſter; but believing that Intereſt was pre- 
dominant to real Merit, I therefore declined to trouble the Honourable Commiſ- 
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fioners therewith, as I have now the Public, in hopes that they may be of ſome 
Help to Invention, if not worthy of being put into Practice, over Rivers, where 
large Openings are required. | 8 

Tur Deſign, Fig. II. is of prodigious Strength, as being a double Truſs, and 
whoſe Timbers are ſo fixed together, that not any Part of the whole can ſag 
the hundredth Part of an Inch, they being prepared, before worked, as afore- 
ſaid. | | = 
Fig. I. is a Section of the Breadth of the Bridge, wherein A A, c. repre- 
ſents the ſeveral Truſſes, for the Support of the Joiſts and Roads. A and C 
repreſent the Foot-ways, each 10 Feet in Breadth ; and B, the Horſe-way, 30 
Feet in Breadth. As the Offices of the Struts a deeb Ic hi, Sc. are obvious 


to every diſcerning Eye, I need not ſay any Thing thereof. 


Tur Fig. V. contains a double Dclign, the Struts on the Side G being dif- 
ferent from thoſe on the Side H. Both theſe Deſigns are of immenſe Strength; 
and as the whole is laid on Stone or Brick Piers, which riſe ahove the Flowing of 
the higheſt Tide, a Bridge of this Kind will be of very great Duration. As there 
is ſome Difficulty to lay D wee for Stone Piers in Rivers that are affected 
by Tides, and as in wooden Bridges the moſt early Decay is in that Part of 
the Piles that are affected by the riſing and falling Waters of the Tides, there- 
fore to avoid both theſe Inconveniences, ſuch Piers may be thus erected, viz. Con- 
ſider the Weight of a Pier, and the Weight that the Pier is to carry. Aſ- 


ſign the Place in the River where the Pier is to ſtand: bore the Ground for 


15 or 20 Feet in Depth, that a judgment may be formed, how long the Piles 
muſt be. This done, drive a Range of Piles, dove-tailed together, at about 15 
Inches, without the Upright that the Stone Pier is to be erected, all round the 
Limits of the Pier, and the like exactly under the Upright of the Pier. "Theſe 
two Ranges of Piles form within the Ground a ſtrong Encloſure, about the en- 
compaſſed Earth on which the Pier is to ſtand. Within the Limits enclofed 
drive as many Piles as ſhall be thought ſufficient to carry the Weight, and 
which ſhould be driven nearly all equally ; that is, Firſt, to drive them all to ſuch 
a Depth, as to keep them upright in their Places. Secondly, to drive them all 
about 2 Feet lower, and then all two Feet lower again; and fo on, until each 
Pile be firmly driven, as aforeſnid. By this regular driving down all the 
Piles together, they will cauſe the caclofſed Earth into which they are driven 
to be equally compreſſed, and of much greater Compactneſs than it was before, 
as being confined by the double Ranges of Piles firſt driven., When all the 
Piles are thus driven, their Heads mull be ſawed level, at ahout 18 Inches be- 
low the Surface of the low Water; and to render them imperiſhable, the whole 
mult be filled up with firong Clay, let down in large ſquare Pieces, worked 
very ſtiff, and well rammed, which is a Work ealy to be performed, although 
the Depth of Water ſhould he 20 Feet. When this is done, prepare a 
double Floor of Oak "Timbers, Free from Sap, each Floor about 10 Inches in 
Thiekneſs, pinned down one on the other, ſo that the upper Timbers he at right 
Angles acroſs the lower. Fix this Floor on the Piles, and thereon erect the 
Stone-work, to any Height required. The next Work is to fill up the Space 
between the outer Range of Dove-tailed Piles, and the next inner Piles, to pre- 
ferve the inner Range from being injured by the Flux and Reflux of the Tide; 
and which being firmly performed, the whole Foundation will be rendered as 
imperiſhable, as were all the Piles driveu iuto the very Bed of the River, as be- 
ing ſecured from the Actions of both Air and Water. The outward Range of 
Dovre-tailed Piles are all that are liable to decav ; and as their Office is no more 
than to ſupport the outward Caſe of Clay, which is there placed to preſerve the 
next inner Range of Piles, they are eaſily aud ſoon repaired, as their Decays 
occur. : . 
Note, The outer Range of Piles muſt be made of ſuch a Length, as to riſe 
ſomething above the Level of High-Water; and horizontal Beams being mortiſed 
&:wa on their leads, with horizontal Ties laid through the Thickneſs ow | 
f 8 . e 8 1er 


they will be a laſting Preſervative and Defence to t 
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Pier in fmall Arches turned for that Purpoſe, deing cogged down on the Beams, 


„ againſt all the Infults 

of tempeſtuous Weather and Navigation that can happen. . 

Note, If the Depth of Low-Water be an _ conſiderable, it will be a very 
ſecure Way to drive a Range of oblique Piles, juſt within the Limits of the up- 
right Piles, as Braces, to fteady the next within, from inclining either Way by 
the Weight of the Pier. e 

Ir inſtead of Timber Truſſes, tis required to make Arches of Stone, a ſuf- 
ficient Number of Piles muſt be added within every Pier, that, with the others; 
will be capable to carry the additional Weight of the Arches. | 

Note 2 That Piers built with well burnt Bricks, laid in Terrace, on a Baſe- 
ment of large Blocks of Stone, about 3 Feet in Height, will be much cheaper 
than being made entirely of Stone, and of longer Duration: For yell burnt 
Bricks do not decay ſo fait as Portland Stone, which is very evident by St. Paul's 
Cathedral, where the Stone, in many Parts of the South vide, is already decayed 
more than the toth Part of an Inch. 


LECTURE XXVII. x 
Of Brick and Stone Arches to Windows, Doors, &c. x 
I. Of fraight, circular, elliptical, Gothick and rampant Arches in flraight IV alls 
Plate LXIII. | 
N this Plate are exhibited 13 Kinds of Arches, of which Fig, I. II. III. 
IV. V. VII. VIII. and IX. are Arches of Brick, Work, and the others of 
ruſticated Stones. In Fig, I. and III. the Diſtance of the Center, to which all the 
Joints have their Sommering, is equal to the Breadth of the Window ; but thoſe 
of Fig. II. and IV. is the Center of a geometrical Square, whoſe Side is equal 
to their Breadth. Fig. V. is a ſemi-circular Arch, whoſe Joints ſommer to its 
Center. Fig. VII. and IX. are ſemi-elliptical Arches, the firſt on the conjugate 
Diameter, and the laſt on the tranſverſe Diameter. The Courſes in Lig. VII. are 
divided on the inner Curve 6 {m, and outer Curve ae, into the fame Number 
of equal Parts, as alſo is the right-hand Side of Fig. IX. whoſe left-hand Side 
has its Courſes ſommering to c and / the Centers of the Ellipſis. Fig. VIII. is a 
Gothick Arch, whoſe Courſes have the ſame Sommerings as thoſe of Fig. IX. | 
In all theſe Caſes the only Thing to be obſerved is, that the Number of Courſes 
into which each is divided be an odd Number, that thereby the Middle Courſe 
may be perpendicular, and that the Breadth of each Courſe on the upper Part of 
the Pol ay ſomething leſs than the Thickneſs of a Brick, to allow for rubbing. 
The ruſticated Arches, Fig. VI. X. XI. and XII. have the ſame Sommering as 
thoſe of Fig. V. VII. VIII. and IX, 
| To divide their Key Stones and Ruflichs. FX 
Divine each half Arch into ꝙ equal Parts, as in Fig. V. give x to half the Key 


Stone, the next 1 g to its Counter Key, and 2 to each Ruſtick and Interval, as the 


Figures expreſs. The like is alſo to be obſerved iu all the other Arches, 

Tur Arch, Fig. XIII. is a rampant Semi- cirele, whoſe Curvature may be de- 
ſcribed by Pros. XIX. Lect. IV. Part II. or as following. Let f + be the 
Breadth, and fg the Height of the Ramp ; draw gh, and in the Middle of 7% 
erect the Perpendicular ꝙ a, of Length at pleaſure ; alſo draw the Line 9 parallel 
to /. From the Point of InterleQion made by the Lines g hand f , ſet up 
balf the Breadth of the Opening to a, and draw the Lines a g and 29. Biſetga 
in m, and ahin o, and cre the Perpendiculars m » and op ; then the Point a is 
the Center of the Arch g d, and 5 is the Center of the Arch 4%, which divide in- 
to Ruſticks, as in Fig. VI. Then the Length of the Ruſticks mult be equal to ? 
- = Opening, and of the Intervals to + of the Ruſtick, as exhibited by 4 7 i, 

ig. VI. | 

fi. Of flraight, circular and elliptical Arches in circular Walle, Plate LXIV. 

Tux firſt Work to be done is the making of the Centers to turn theſe Kinde 
of Arches upon, which may be thus performed, Let G H I K be the Plan "ew « 

. | Cir 
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circular Building, and at Fig. VI. *tis required to make a Center for a ſemi-cireit- 
lar Arch to the Window, whoſe Diameter without is ad, and within à m. Biſect 
a d in /, and deſcribe the Semi-circle a p d. Divide a d into any Number of 
ual Parts at the Points 6-4 2, Oc. and draw the Ordinates 6, 6; 4.4; 2, 2; 
Sc. Divide 2 m into the ſame Number of equal Parts, and make the Ordinates 
6, 5 4» 33. 2, 1, Sc. equal to the Ordinates 6, 6; 4, 43 2, 2, c. and 
through the Points 5 3 1 #, Sc. trace the Curve n Im, then a 75 d and In will 
be the two Ribs for the Center: This being done, place the Ribs perpendicular 
over the Lines a d and n m, and cover them, as Centers uſually are, and then 
applying the Edge of a Plumb-rule to the divers Parts of the Inſide and Outſide 
of the Window's Bottom, the Top of the Rule will give the ſeveral Points at 
which the Inſide and Outſide of the Covering is to be cut off, fo as to ſtand 
exactly over the Inſide and Outſide of the Building, and then the Center will be 
completed as required. | 
, To divide the C 3 65 in the Arch of this Window. | 
Ox a flat Pannel, Oc. draw a Line, as h e, Fig. VII. make a f o equal to the 
Curve ac d, alſo make aband oe each equal to the intended Height of the Brick 
Arch. Make fp in Fig. VII. equal to e p in Fig. VI. alſo make ab and de in 
Fig. VI. each equal to & a in Fig. VII. then the Points þ and e will be the Ex- 
tremes of the Arch. Make þ r in Zig. VII. equal to ' @ the given Height of 
the Arch, and through the Points Ire and ap odeferide two Semi-ellipſes, which 
divide into Courſes as before taught, and which will be the Face of the Arch 


required. | ; | 
To find the Angles or Bevels ee Under- part of each Courſe. 

Conrixu the Splay-Backs of the Window m d and n @ until they meet in F. 
On F, with the Radius Fn and F a, deſcribe the Arches 2 v and a fs, making 
ny v equal to the Girt of the Arch n n. Make n 6, n 4, n 2, n y, Sc. on the 
Arch n y v, equal to n 6, = 4, u 2, n „ Sc. on the Curve n & m, and draw the Lines 
6 F, 4 F, 2 F, y F, Oc. make the Ordinates 6,5; 4, 33 2, 13 y , Oc. on the 
Lines 6 F, 4 F, Sc. equal to the Ordinates 5, 6; 3,4; 1, 23% Oc. on the Line 
2 m, and through the Points 5, 3, 1, x, Sc. trace the Curve v xn. In the ſame 
Manner transfer the Ordinates 5, 6; 3,4; 1,2; %%, Oc. on the Line a d to the 
Arch 2a, as from 5 to 6, from 4 to 3, Sc. and trace the Curves c a; and then 
will the Figuren y v s ca bethe Soffito of the Window laid out, and which being 
divided into the fame Number of equal Parts, as the under Part of the Arch ap o, 
Fig. VII. and Lines drawn to the Center F, as is done in Fig. II. to the Center A, 
by the Lines 2, 2, 2, Oc. thoſe Lines will give the Bevel of every Courſe in Soffito, 
as required. Fig. V. is another Example of a ſemi-clliptical Arch, whoſe Front. 
is Fig, IV. Alle Fig. II. is a third Example of a Scheme Arch, whoſe Front is 
Fig. I. And Fig. VIII. is a fourth Example of a ſtraight Arch, which in gene- 
ral are performed by the aforeſaid Rule. : 

:— We "ra the Curvature of every Courſe in Front. 

SUPPOSE the ruſticated ſemi-circular-headed Window, Zig. IX. be ſtanding in 
the Side of a Cylinder, whoſe Sides are the Lines Q.T and PV, continue out 
the Sides of each Ruilick until they cut the Sides of the Cylinder in the Points 

RST and NOP, Oc. then the Lines QN, RO, Q N, Oc. will be tranſ- 
verſe Diameters of ſo many Ellipſes, whoſe conjugate Diameters are each equabto 
the Diameter of the Cylinder, which deſcribe as in Fig. X. and draw their con- 
jugate Diameters 4% i m and n; make the Diſtances o 5, m3,1 1, on each Ellip- 
fis, equal to @ g the Semi-diameter of the Window, 7g. IX. alſo make the 
Diſtances 5 6, 3 4, 1 2, on each Ellipſis, equal to g 1o the Height of the ruſtick 
Arch; then the Segments of the ſeveral Ellipſes, 5, 6; 3, 4; 1, 4; at Z X Ay 
will be the Curves of the ſeveral Courſes, as required. | | 

Fig. III. repreſents the Manner of covering the Outſide of a Cone, the Arch 
& being made equal to the Circumference of the Circle e, which is equal to the 
Baſe of the Cone: This Figure is exhibited here to ſhow, that the Soffito of 2 

ſemi - eircular- headed Window, whoſe Splay is continued all round, is no more 


1 
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than the lower Superficies of a Semi-cone ; for if the Splay was continued in every 


Part, it would meet in a Point, as the Lines 4 d h and i eb, Fig. VIII. and form 2 


;A Semi-cone as aforeſaid. | 2 | 
Tuis is illuſtrated by Fig. V. Plate LXVII. where s v wv repreſents, the Sec- 


tion of a Wall, in which is placed a circular Window, as Fig. A, whaſe Splay is 


expreſſed by ac and fh Now, if ca and f be continued, they will meet in i, 
on which, with the Radius J c, deſcribe the Arch c alſo the Arch 3 n. Make 
the Length of the Curve c/ equal to the Circumference of dy, the outer Circle 
of the Splay, and draw the Line / me then the ſhaded Figure & being bent about 
and fixed within the Splay, it will exactly fit every Part thereof: But as the bend- 
ing of Stuff of any conſiderable Thickneſs is impracticable, therefore divide the 
whole into Parts, as at 1, 2, 3, 4, 5, 6, Oc. which glew, or otherwiſe fix together, 
equal to the Curvature of the Window, at pleaſure. | 


Fig. XI. exhibits the ancient Manner of making ſtraight Arches of Stone, in 


Places where no Abutments can be had, whoſe Vouſlorrs are joggled together, 
and their ſpreading prevented by Iron Bars toothed into the Head of each, run in 


with Lead, as at ce, and c. 
„e uE en 5 
Of Centering to Arches and Groins, Plate LXIV. bi: 


To deſcribe the Curvatures of Groins is the chief Thing to be done in Works 
of this Kind, which is moſt eaſily performed, as follows: . 
ä ExamyLlE I. Fig. A. | 


Ler ac ef be a ſquare Plan, whoſe Vault is to be interſected by two concave | 


Semi-cylinders. Deſcribe the Semi-circle a & c, which divide into Ordinates, as 
I, 2, 3, Oc. Draw the Diagonal a e, which divide into the ſame Number of 
Ordinates, and make them equal to the Ordinates of the Semi-circle, and through 


their Extremes trace the any I a ge, which is the Curve of the Groin re- 


quired. . In the ſame Manner the Groin & ge is found, whoſe interſecting Arches 
are # bh; and i de; as alſo are the Groin Curves of Fig. Q S and B. The Fi- 


gures D and E are both ſingle ſemi-cylindrical Vaults, in whoſe Sides are ſmall in- 


terſecting Vaultings over the Heads of Windows or Doors, which are thus de- 
ſcribed, Fig. D. Draw, as many Ordinates in the given Arch at one End as are 
neceſſary, as the Ordinates 1, 2, 3, 4, 5, which continue until they meet de the 
Side of the Baſe of the ſmall Arch, and from thoſe Points draw Lines perpendi- 
cular thereto, of Length at pleaſure. On d i, the given Breadth of the ſmall 
Arch, deſcribe the interſecting Curve of the ſmall Vault of any Kind, as re- 
quired, as ahi; divide the Baſe of one Groin, as ei, into the ſame Number 
of equal Parts as d x, the 4 Breadth, and ere& Ordinates thereon, equal to*the 


Ordinates on dx, and through their Extremes trace the Curve i , which is the 


Curve of that Groin required. By the ſame Rule all other Kinds of interſecting 
Arches may be found, although they cut the ſtraight Vault on any oblique 
Angle inſtead of a right Angle, the Baſe of the ſhorter and of the longer 
Groin being divided into the ſame Number of equal Parts, and the Ordinates in 
each being made reſpectively equal. The other wg or gn, in Fig. D, and 
- 1 g and r p, are given for 12 Inſpection, to illuſtrate the Truth of this 
ule. | 3 Es 
To find the Lengths and Angles of Boards for the Covering of Centers, Fig. NOP. 
Surrost 6 44%, to be the Plan of a Vault, whoſe interſecting Arches are the 
Semi-circle bc d, and the Semi-elliplis 441; continue bd, both Ways, and make 
it equal to the Girt of the Semi-circle 5c d, and from the Center i draw the Lines 
ia and ig; then the Triangle a ig is the Covering for one End, and the Board- 
ing being cut with Angles, equal to the Angles made by dotted parallel Lines, 
and the Lines a i, and i g, will be the Bevels; and their Lengths being taken from 
the Lines a f and i g, unto the Line a g, will be their Lengths, as required. 
Continue d m, both Ways, and make em equal to the Girt of the Ho ſis 
| tha 
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Ih n, and draw the Lines i;, and in; then the Triangle 7 e m; is the Covering for 


one Side, whoſe Bevels and Lengths are to be found as before. 

Note, The Figures RT V X Y, exhibit a Method for deſcribing the Cieling 
of a Vault in Plano, as publiſhed in Mr. Price's Treatiſe of 8 which is 
as follows. Firſt, a b cd, Fig. X, repreſents the Plan, Fig. Y and V, the two 
interſecting Arches, Draw the Baſes of the Groins @ g d, and cg b, make the 
Length T equal to the Girt of Fig. V, including the two Piers.a1, and m 6, 
make the Length of the Parallelo Fig. R, equal to the Girt of the. Semi- 
ellipſis / u, alſo make its Breadth equal to the Girt of the Semi- circle i c 1; 
draw Ordinates at pleaſure from the Ellipſis, Fig. V, to divide the Semi-tranſverſe 
Diameter of the Plan 1g, in the Points 12345678. Draw c 4, in Fig. R, 
through the Center g, divide yg /, in Fig. R, in the ſame Proportion as half the 
Semi-ellipfis In, and through the ſeveral Diviſions draw Ordinates, equal to the 
circular Curves that ſtand over the dotted Lines included between the Lines a g, 
and g c, in Fig. X; and then Lines being traced through the Extremes of thoſe 
Ordinates, the Figure included by them and the Line di, will be the Covering to 
the Part agc. But if the Lines of and g 4, in Fig. R, be each divided an the 
—— as the Semi-tranſverſe Diameter 1 g, in Fig. X, and right Lines be drawn 
through them, as Mr. Price in his Treatiſe of Carpentry directs, their Interſections 
will not form the Covering for a g c in Fig. X, nor will the Parallelogram a e / 
Fig. R, be the Covering to the two interſecting Arches of Fig. X, as he miſtakenly 


| To deſcribe curved Groins, Fig. K I F, Plate LXV. 

Lr ab c d be the given Plan. 2 | | 
- ConTinve ac and 6 d, until they meet in the Point 1 in the Line . BifeR 
@ e, and b d, and deſctibe the two Semi-circles, a g e, and b d. Divide the 


Diameter of either Semi-circle, as 5 d, into any Number of equal Parts, ſuppoſe ten, 


and draw the Ordinates 5, 4, 3, 2, 1, Cc. on the Point 1 in the Line /; from 


the ſeveral Parts in the Diameter þ d, deſcribe concentrick Arches to the Line @ c, - 
divide the Arch a 5 6 into the ſame Number of equal Parts as the Diameter 3 4 
is divided into, and from the Point 1 in the Line e fdraw right Lines, which will 
interſect the aforeſaid concentrick Arches, in the Points through which the Curves 
ci h, and aid, the Baſes of the Groins, muſt be traced, | 

| T deſcribe inner and outer Ribs. a . 

Draw ab, Fig. F, equal to the Girt of the outer Curve a 5 6, alſo e f. equal to 
the inner Curve c e d, and divide each into ten equal Parts, from which ere& - 
Ordinates equal to the reſpective Ordinates in the Semi-circle b & n, and through 
their Extremes trace Curves, which will complete both Ribs, being ſo bent or 
worked, as to ſtand on the Curves a 5 6, and ce d. ETON 

To find the Curvatures of the Groinn. 

 Maxz thy Baſe Line of Fig. H, equal to the Curve Line @ i, alſo make the 
Baſe Line of Fig. W, equal to the Curve Line i d. Divide each intg, five equal 
Parts, and thereon raiſe Ordinates, equal to thoſe in the Quadrant h 5 A, and 
through their Extremes trace Curves ; and which being bent or worked fo as 
to ſtand on the Curves a i, and i d, they together will form the circular Groin 
a i d, and the other being found in the ſame Manner, will be the Groins as 
required. | | 4 

N. C exhibits the Manner of framing truſſed Ribs for the Centers of large 
Arches, Stone or Brick, whoſe Parts are to be put together, as the Arch is 
raiſed on the Sides. The Struts 3 n 0 are ſuppoſed to be placed on upright 'Tim- 
bers at à and i, which at the taking down of the Center are to be taken away. 
As in the ſpringing of the Arch there is very little Weight that bears on the 
Center, therefore the firſt horizontal Beam 35 muſt be placed at ſome conſi- 
derable Height above the ſpringing of the Arch; and the Struts, 3 u 6, are ſuf- 
ficient to carry its Weight. When the Arch is raiſed up to 6 and &, then the 
ſecond horizontal Beam c g muſt be raiſed with its ſeveral Baſes, Struts and Diſ- 
charges d e x wv vn, which together will ſtrongly reſiſt the Weight on the Sides, 

5 | 
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for as the Braces, c. on the one Side have their Dependance on the other Side, 
hothing can injure them; when the Arch is brought up to c g, then the upper 
Part may be completed; The Mortiſes in the ſeveral Parts of this Truſs, muſt 
be all Pully-Mortiſes, that when the Arch is keyed in, each Tenon may be driven 
dut of its Mortiſe, and every Part taken down, gradually at pleaſure: 1 
LECTURE XXIX. 
8 
WII regard to the great Varieties of Buildings, 1 have in Plate L XVI. giren 
= . 12 different Deſigns for Stair-=Caſes, from which the ingenious Workman _ 
may form ſuch others as his Occaſioris may require. Fig. K is a Triangular; 
DC, and D E, are Circular; D I, and D K, are Elliptical ; D L, Octangular: 
D M. Semi-ecircular ;'D F, a Trapezia z D, a geometrical Square; D A,and D B, 
are Parallelograms, which in general may be made fit for any Nobleman's Palace. 
Bronx a Stair-Caſe is made, we "ſhould conſider, firſt, the Height of the 
Floor, to which we are to aſcend. Swondly, the Riſe, and Number of Steps that 
are neceſſary for the Height. Thirdly, To divide the Number of Steps by ſuch 
Half Spaces (or breathing Places) that are neceſſary for repoſing on the Ways 
Fourthly, that the Space above the Head, commonly called Head Way, be ſpa- 
_ bipus. And, /aftly, that the Breadth of the Aſcent be proportionable to the whole 
Building, and ſufficient for the Purpoſe intended ; ſo as to avoid Encounters by- 
Perſons afcending and deſcending at the ſame Time. The Height of Steps ſhould 
not be leſs than 5 Inches, nor more than 7 Inches, except in ſuch Caſes where 
Neceſſity obliges àa higher Riſe. The Breadth of Steps ſhould not be leſs than 10 
Inches, nor more than 15 or 16, although ſome allow 18 Inches, which I think is 
too much, The Light to a Stair-caſe ſhould always be liberal, to avoid Slips, Falls, 
_ and which may proeced, from the Sides, from a Cupola or Sky-Light at the 
op; as the Situation will beſt admit. Before this Kind of Work is begun, tis 
beſt to make a Plan, and to lay out the whole in Ledgement, as follows. | 
LT o, 9, 11, Fig. D G, Plate LXVI. be a given Plan. | | 
Maxx d equal'to the Breadth of the Aſcent, which may be made from 3 Eeet 
and 2, to io Feet. Draw 46, 5 a, and am, Parallel to the Outlines of the Plan, 
| Divide 4 6, 5 a, and à m, each into ſuch a Number of Steps, whoſe ſeveral 
Heights are equal to the whole Height to be aſcended ; within the Parallelogram . 
a b m d, draw the Thickneſs of 8 Rail. Add into one Sum the Heights 
of the ſeveral Steps, between 6 and d, and at that Diſtance, draw gr, parallel to 
vs; draw the Hypothenuſal Line rs, and continue out the Plan Tra Step to 
meet the Line rs at 23 ſet up the Height of the firſt Step, and draw it pa- 
rallel to o s, until it meet the Baſe Line of the 2d Step; then ſet up the Height 
of the 2d Step, and draw it parallel to 0s proceed in like Manner to ſet up the 
Heights of all the remaining Steps unto r: make op equal to © 7 and draw 2 5 
parallel to f os at the Point 2, begin to ſet up the Steps unto the Point 1, and 
draw vl porn to 75 + make? wequal-to 7 v, and draw ww 8 parallel torg; at g 
gin to ſet the Steps as aforeſaid unto i, then will i e be equal to the Height of the 
Story, and the ſeveral Figures o9 rs, op 2 1 t wg 17 9, will be the Sides of 
the Stair-Caſe laid out rr ement, as required. | | 2 
Tur Plan Fig. B, is in like Manner repreſented by Fig. C, which may be 
- conſidered as its-SeGtion, wherein / m is the Height to be aſcended ; g the firſt 
Flight, „ o the + Space; 5 i, the ſecond Flight, i n, the Z Space; i I the laſt 
who whoſe Landing, as Workmen term it, is 1 4. 
ote, The Parallel dotted Lines between g h, and i &, repreſent Strings of 
Wood which are caſed underneath, torepreſent ſolid Steps. 

THe * repreſents the half Space of one Flight of Stairs; Fig. Pre- 
reſents Fig. Q with its Baniſters; and Fig. O repreſents Fig. 1 completed 
with the Moldings of its Hand-rail, Baſe, Sc. 3 8 n 
Tus next Thing to be conſidered is * Manner of placing the Newels to _— 

8 | | * e 


166 Of ARCHITECTURE. 
and half Spaces. In Fig. E, Plate LXVI. the half Spaces are made ſquare to the 
Augles of the Newels which cauſes the Hand-rail of the firſt, Flight to drop the 
Height of 2 Steps below the Rail of the 2d Flight. In. Fig. F, the Stairs are ſet 
to the Middle of the Newel, which cauſes its Rail to drop two Steps, and in Fig. G 
they are placed to the Outſide of the Newel, and drop but one Step. Laſtly, in 
Fig. H the St: irs are ſet half their Breadth clear without the Newel, which cauſes 
the Rails to mcet as in Fig. O. a 2 

To preſerve a Regwarity in Fig. I and K, which have large Moldings, ſet the 
Stairs the BrezCth of half a Stair clear on the Outſide of the Moldings. It is alſo 
to be obſerved, that as tis uſual to place half Balluſters againſt Newels, therefore 
when it happens that the Interval or Space is too great, then the Newel ſhould be 
" augmented as in Fig. K. | | 5 Fe 2 

Fre. L exhibits the regular Method, and Fig. M a ſhameful Method of joining 
Rails and Balluſters, which laſt is to be ſeen in the Stair-cafes at the Weſt-end of 
the Pariſh Church of S/. Martin's in the Fields, London, and which was executed 
under the Direction of Mr JaMes Gigs, Architect. | f 

Fig. N exhibits the Manner of dividing the Heights of raking Balluſters by con- 
tinuing the Members of the ſtraight Balluſters; and Fig. X and V, Plate LXVIII. 
exhibits the Manner of placing ſtraight and raking Balluſters over each other. 
Tux Figures I K LMNOPYQ are divers Examples of Balluſters as were uſed 
by the Antients ; as alſo are Fig. 'T V W and R divers Guilochis and Ornaments, 
which _ often uſed inſtead of Balluſters, and which, when well executed. are 
W wks the Cuſtom of the Antients to begin the Balluſtrade of a grand Stair- 
caſe with a Pedeſtal, as Fig. S, Plate LXVIII. which to a large Stair-caſe is yet 
the moſt grand Manner; but many modern Architects, who think themſelves wiler, 

1A Rail at the r Stair inſtead of a Pedeſtal. 1 

In uildings a twi ail is v roper, hut in magnificent Buildings _ 
I think them vaſtly inferior to a noble Pedekel | * ü 
To dgſcribe a twifled Rail is the next Work in Order, which may be performed as 


RN : „ ; 

Ler the Lines BD E, Fig. IV. Plate LXVII. repreſent the Edges of the two 
lower Stairs of a Stair-caſe. . | 

Divivs 3 q, the Tread of the ſecond Stair, into 9 equal Parts, continue the 
Line D towards the left at pleaſure. Draw N F, parallel to 9 6, at the Diſtance 
of 7 Parts, alſo draw the Line 14 d at the Diſtance of 3 Parts, then d 6 is the 
Breadth of the Hand-rail. Draw A n parallel to g 6, at the Diſtance of 3 gz 
then the Point n is the Center of the Eye of the Scroll. On the Point @ deſcribe 
the Quadrants $c and de, which is the Length of the twiſted Part of the Rail, the 
remaining Part to n, the Eye, being level. On n deſcribe the Circle x & p, whoſe 
"9 aa ew p muſt be equaltod 5, the Breadth of the Hand-rail. Divide the 

adius n þ into four equal Parts, and through the firft Part at o, draw the Line «1, 
cutting the Line N F in x; on x deſciibe the OO c f, and eg, make of equal 
unto 2 Parts of u p, and draw the Line s parallel to An. On the Point deſcribe 
the Quadrants FB, and g z, make n ev equal to 3 Parts of n p, and through the 
Point ww draw the Line 2 4, parallel to r*; on & deſcribe the Quadrant h v, and 
on wv the Quadrant v, and then is the Plan completed. | 4 

To deſcribe the Mold for the Twuiſ. : 
 ConTixus 3 9 towards M, and F N towards 3, in Fig. I, alſo draw LI 
parallel to þ N, at the Diſtance of N K, in any Part of N, as at c, draw the 
Line a fat right Angles to þ N, and on c deſcribe the Semi- circle a & f, make 
a d, and f t, each equal to the Riſe of one Stair, and draw the Line dc 7, Make 
c Nequal to cr, divide 5 cinto any Number of equal Parts, and draw the Ordi- 
nates 15, 1; 16, 2; 4 3, Oc. divide c N into the ſame Number of equal 
Parts as in b c, and make the Ordinates thereon —_—_ to the Ordinates 90 1 Cy 
and through their Extremes trace the Curve N f, which is the Curve of the Out- 
ſide of the Mold. Make 5 4 equal to the Breadth of the Hand- rail, and on & 
| wi 
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with the Radius c 4, deſcribe the inner Semi-circle. Make c 5 equal to r . 
On + c, the Semi- diameter of the inner. Semi-circle, make Orlinates, which 
transfer or c h, ag before, and through their Extremes trace the Ove of the 
Mold, which will complete the whole, as required. For as the Outlines of the 
Plan of the twiſted Part of the Rail 5 c and d e are Quadrants, therefore the 
outer and inner Curves of the Mold will be both a quarter Part of two 
Ellipſes ; becauſe the twiſted Rail, ſtrictly conſidered, is no other than the 
Section of a Cylinder, as LMI K, whoſe Diameter a F is equal to twice a b, 
in 77 IV. and its tranſverſe Diameter equal to dt, and conjugate Diametet 
to af. EL Re IgE Wn 
The Twiſt of a Rail over a circular Baſe at a half Space, as a ö, Fig. II. is the 
very ſame Thing as the preceding, as being the fourth Part of an Elliplis made 


Tas Manner of making the Knees and Ramps of Rails, is the next that is to 
be conſidered, which are thus deſcribed : OY \ 

LeTmr,qt, s v, and wv, be four given Stairs. From p, the Middle of the 
lower Stair, draw the raking Line p %, ſo as to be parallel to g 7 , the Noſes 
of the Stairs: alſo draw 4 4 parallel to p F, at the Diſtance of the Rail's Thick · 
neſs. Continue t s to g, and make f þ equal to fg, and draw a d parallel to m x. 
From the Point p draw the under Part of the Knee, parallel to mr; as alſo / 4, 


by the Section of a Cylinder, whoſe Diameter is equal to twice a c. 


at the Diſtance of the Rail's Thickneſs, and then the Knee will be completed: 


Divide the Angle n Ff & into two equal Parts, by the Line F a, cutting the Line 
ab in a, On a, with the Radius ab, deſcribe the Arches g 6, and i c, which is 
the Ramp required. Now this Rail being ſet up on the Balluſters to its aſſigned 
Height, ſo for the Points / and , to ſtand over the Points m and x, it will be com- 

pleted, as required. Rs | 
Fig. IX. is the Baſe of a Newel-poſt, whoſe Sides are fluted'in various Manners, 

as expreſſed at a b cd, Ec. and Fig. VI. is a View of the Molding of a Hand- rail 
as Fe d pe: hed K ee 5 

To a twiſted Rail, to a circular or elliptical Stair-caſe, 

21 1. VII. and VIII. Plate LXVII. 4 . 
Lr A B CD, Fi. VII. be the Plan of a cylindrical Stair-caſe, whoſe Baſe 
is a Circle, and whoſe Stairs wind about the Cylinder a b d, Sc. The Plan 
of the Stairs being divided, continue out the Diameter d a, towards the Leſt- 
hand, as to /½ of Length at pleaſure. Make a f equal to the Girt of the Semi- 
circle a b,d, which divide into the ſame Number of equal Parts as there are 
Stairs in the Plan of the Semi-circle a b d, as at the Points 1 2 3 4, &c. 
from which erect Perpendiculars, as 1 a, 2 a, 3 a, c. of Length at pleaſure, 
Conſider the Riſe of a Stair, and make the Perpendicular f g, equal to the Riſe 
of all the 12 Stairs that go round the Semi-circle a 6 d; and divide the Per- 
pendicular / g into 12 equal Parts, as at the Points 1 2 3 4, Oc. from which 
draw Lines parallel to f d, continued out towards the Right-hand, at pleaſure, 
which will interſect the Perpendiculars on the Line F a d, in the Points à c, 
a c, a c, c. and which are the Breadths and Heights of the Treads and Riſes 
of the 12 Stairs, at the Side of the Semi-cylinder @ b d; for was the whole 
Figure g / a applied about the Semi-cylinder, then the Parts à c, @ c, Ce. 
would be in the reſpective Place of each Stair. Let à e repreſent the Breadth 
of the Hand-rail, and the Semi-circle e 10 c its Baſe, over which its Inſide 
is to ſtand. Divide its Diameter e c into any Number of equal Parts, as at 
I 2 345 Oc. and draw the Ordinates 1, 6; 2, 7; 3, 8 4, 9, Se. which con- 


tinue upwards, ſo as to meet the horizontal Lines drawn from the Perpendicular 


g/ in the Points 28, 27, 26, 25, Cc. through which trace the Ogee Curve 
28, 14, a, which is the Sectional Line of the Cylinder, over which it ſtands. 
Make the Diſtances 15, 21; 19, 14; 18, 13; 17, 12; and 16, 11, equal to 
the Ordinates 10, 5; 9, 4; 8, 3; 7, 2; and 6, 1; and through the Points 
20, 19, 18, 17, 16, to a, on the Line F d, trace the Curve, 20, 16, a, which 
18. the inſide Curve of the Mold, _—_— oſe Out- curve 21 a, being made con- 
= | 2 *, centric 


7 


— 


168 Of ARCHITECTURE. | 
centric thereto, will be the Mold required, whoſe End 21, 20, when fet up in its 
' Place, will ſtand 173 mer gh over its Baſe b 10. | 
Note, This Mold, though made but for one 4th Part of the Cylinder, will ſerve 
for the whole, by repeating the ſame, or adding three or more others of the 
5 Kind, to the Ends of each other as often as there are Revolutions in the 
Cylinder. 5 | 
2 VIII. is the Plan of an Elliptical Stair-caſe, whoſe Mold i & is deſcribed 


4 ; : 
in the ſame Manner, and therefore needs no other Deſcription, | 


LECTVU.RE-XXX. 


Of Compartments for Monumental Inſcriptions and Shields ; alfo err Ornaments for 
h | Buildings and Gardens, 


S in the preceding Lectures I have explained the principal Parts of Buildings, 
XI ſhall now conclude this Part with ſome particular Ornaments, which are 
in common Uſe, and which are as neceſlary for the Enrichment of Drawings, ay 
of Buildings themſelves. F CW 
In Plates LXIX. and LXX. are contained fourteen Deſigns of Compa ents, 
for Monumental Inſcriptions, Coats of Arms, to be placed in open Pediments 
Ec. In Plate I. XXI. are contained, firſt; eleven Kinds of Vaſes, as ABCDEF 
GHIK L, for the Enrichment of Piers to Gates, Parapet Walls, &c. as alſq 
are the Balls P Q, and Pine-apple R. The Figures M O S are, Deſigns for 
Flower-pots, which are to be employed as Ornaments, in ſuch Places where Vaſes 
will be too large. As the principal Parts of theſe Ornaments are proportioned b 
equal Parts, as expreſſed in divers Places between them, the young Student \ 
ſee how eaſy it is to make them to any given Height 1 
Tus Fig. W Y, A B, A C, have their principal Parts determined by equal 
Parts alſo. Figures W and Y are Deſigns for Chrikening Fonts and A B, AT; 
for Pedeſtals to horizontal Dials ; __ indeed, when horizontal Dials are very 
large, the Figures W and Y may be employed to their Pedeftalss 
Fig. X is a Kind of Pedeſtal, called a Terme, from Terminus, the God of 
Bounds or Land-marks, who being anciently made ſtanding in a Sheath, theſe 
Kinds of Pedeſtals were taken 5 the Support of Buſtos, and are thus pro- 
portioned to any given Height. Divide the given Height into 10 equal Parts; 
ive the upper 1 to the Height of the upper Aſtragal, Fillet, and Cavetto; and 
Nh lower 1 to the Height of the Plinth, Fillet and inverſed Cima, The Projec- 
tion of the great Aſtragal is two Parts on each Side the central Line, and of the 
ſmall A ſtragal in the Baſe, one Part on each Side, from which the other Meldings 
take their Projections, as common in Columns. VVV 
| To flute theſe pry nt 
Divios the Breadth into twenty-one equal Parts, give one to each Fillet, and 
three to each Flute. 8 | | EEE Cn 
In Hg. N repreſents a Harpy, a ſictitious Monſter, faid to have the Head of 
a Maiden, and Body of a Bird; and if ſuch are made in Stone or Metal, having the 
Bodies of Turtle-doves, Owls, and Magpies, they will be pretty Emblems of the 
Innocency, Wiſdom, and babbling Nontenſe of Women. | 
Tur Figures Z, A D, A E, and A F, repreſent the Monſter called Sphinx, 
whoſe Head and Breaſt are like thoſe of a Woman, its Voice like a Man's, its 
Body like a Lion's, and Wings as aBird ; but ſometimes their Wings are omitted, 
as Fig. A Dand A E. The Figures T and M are cwo Kinds of Obeliſks, for 
Lamp-poſts, Se. the one ſquare, the other octangular; and Fig. A G is the 
Pelign of a Shell, for to enrich the Head of a Niche, Oc, F 
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PART. 


| Fe; Area. 


Engl. Feet, Decim. F. Inc. 1oths. 
Engliſh Foot, | 1,000 | © 12 


| o 
Paris, the Royal Foot. r,068|r oo 8 
Paris Foot, by Dr. Bernard, 1,066 | 5 
Amſterdam Foot, 9420 11 3 
Antwerp Fot. 9460 11 3 
Leyden Foot. 1,033] 1 oo 3 
Straſburg Foot. | „92000 11 0 
Frankfort ad Mænam Foot. 9480 11 6 
ee Foot. 1, 1 % 00 © 
Venice Foot. 1,1621 ol 9 
| 8 Foot, | , | »944ſo 11 3 - 
opepagen Foot, »965 O 11 a 
Prague o0t. | 1,026|r oo 3. 
© Roman Foot, | 967 |0- 11 6 
Old Roman Foo, | 970 . 
Greck Foot. 11,007 [1 oo 1 2 
dau Ci. 11,0161 oo 2 
Cairo Cubit, " "T1824 [1 9 
[ C Babylonian Cubit. , 8 1 — Tot 
Old | Greek Cubit. hs 1 06 &h 
[Roman Cuzbit. » [1 of & 
Turkiſh Pike. 2,200}2 O2 4 
Perſian Araſh, | 3-197] 3 o2 3 


LECTURE'E ; 
(/ Roles for meaſuring the | Superficies of geometrical Figures, Plate LXXIL 
Rur I. To meaſure any plain Triangle, Fig. AB CD. 
S 1 : half the Baſec d or hi, Fig. AorB::6bdorg i, the Perpendicular, 
: the Area; or as 1: the whole Baſe ms, or z y, Fig. C or D:: I the 
Perpendicular : Area. | 
To od the Area of any plain Triangle, having the Sides only given. 

Av the three Sides together; from the half Sum ſubtract each Side ſeverally, 
and note their Differences. Multiply any two of the Differences together, and 
their Product by the other Difference. Multiply the laſt Product by the half Sum 
of 3 Sides, and the ſquare Root of their Product is the Area required. 

Rurx II. To meaſure a geometrical Square, or Parallelogram, as the Figures E F. 

As i : c d the Length:: a c the Breadth : Area. | 
 RurE III. To meaſure a Rhombus or Rhombaides, as the Figures G and H. 

As 1 : a d, equal to c e the Length:: h c the Perpendicular Height: Area. 

Rur k IV. To meaſure a Trajeneid, as Fig. I. | 

Az 1 : & the Baſe Fe,: : the perpendicular Height þ f: Area. 

2 Ruue V. To meaſure a Trapezia, as Fig. K. 
As 1 : a Diagonal, as (g:: ball the Sum of the 2 Perpendiculars a 4 and 


ULE 
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| Ruus VI. To meaſure any Polygon, as the Hexagon II. 
As 1 : E the Circumference @ 4, : : 4 the Diameter e g, equal to h a+ 


Rur VII. To meaſure any ee ng v7 Wk as Fig. M. 
E 


Div1vs the Figure into Trapeziums, as de, e f,c d, ù e, and the Triangle 
cn 1 by Rurzs I. and V. and their Areas added together agen 
a required, | | 
Ruux, VIII. To find the Length of an Arch of any Circle, as a e d, Fig. S. 
Div1ve the Chord Line into 4 equal Parts, make the Chord Line of a 5 equal 
to 1 Part; then 5 d is nearly equal to half the Arch Line required: Or thus 
Arithmetically : Multiply @ c, the Chord of half the Arch, by 8 ; from the Pro- 
duct fubtra& a d. Divide the Remains by 3, and the Quotient will be equal 
to the Length of the Arch Line ac d required, Or thus : From the Chords a c 
and c d, ſubtract the Chord a d. Divide the Remains by 3, and then the Quo- 
tient added to the Chord Lines @ c and c d, the Sum will be nearly equal to 
Arch Line à c d, required. 1 
8 Ruus IX. To meaſure a Quadrant, ac b c e, Fig. O. 
As 1:+ the Arch ce, : : a Side, as be : Area. . 
Rurx X. To meaſure a Semi- circle, at a d c, Fig. O. 
As 1: f the Arch à dc, :: the Diameter a c : Area. 
Rus XI. The Diameter of a Circle being given, to find its Circumference. 
As 7 : 22, : : the given Diameter: Circumference required. Or, as 
113: 355, :: the given Diameter: Circumference required, Or, as 1: 
$,141593, : : the given Diameter to the Circumference required. Or, as 
1,00000,00000,00000,00000,00000,00000,000C0 : is to 3,14159,26535,89793z 
23346,26433-63279,50258, is the Diameter given, to the Circumference re- 
ui 


Rurx XII. The Circumference of a Circle being given, to find its Diameter. 
As 323 5 : : the . given: Diameter arr Or, as 355: 
113, : : the Circumference : Diameter. Or, as 3, 141593: 1 ; : the Circume 
ference to the Diameter. | „ 
Rur XIII. The Diameter of a jg being given, as a c, Fig. N, to find 
its Area. 135 : 
| I. By Van Curzx'r Analogy. 
As 1 : 854, :: the Square of the Diameter: Area, 
| II. By MzeTivus's Analagy. 
As 452: 355, : : the Square of the Diameter: 
III. By ArcnimeDes's Analogy. 
As 14: 11, : the Square of the Diameter: Area. 
Rurx XIV. The Circumference of a Circle being given, to find its Area. 
As 1 : ,07958 : : the Square of the Circumference : Area. 
' RuLs XV. The Area of a Circle being given, to find its Diameter. 
As 1: 1,2732, : : the Area: Diameter required. \- 
Ruts XVI. The Area of a Circle being given, to find itt Circumference. 
As 1: 12, 56637, :: the Area: Circumference required. | 
Ruus XVII. 7. ee Circle being given, to find the Side of a Square 
nearly equal to the given Circle. | #1 


* j 


- 


As 1: ,8862, : : the Diameter: Side required. | | TY 
RuLs XVIII. The Circumference of a Circle being given, to find the Side of a Squarg 
nearly equal to the gi Circle & 
As 1 : , 2821, :: the Circumference : Side required. „ 
Rurx XIX. The Diameter of 4 Circle being given, to find the Side of a Square 
inſeribed. 0 


As 1: „0%, : : the Diameter : Side required. | | 
Rurs XX. The Circumference d Circle being given, to find the Side of a Square 


As 1: $3251, : : the Circumference : Side required. R 
| Rur t 


* 
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Rvurs XXI. The Area of a r to find tbe Side of a Square in- 
As 1 66, : : Area: Side required. 3 3 5 

» The Side of a Spare ing give, to find the Diameter of its circum- | 

| cribing Cirrle. 5 = | 

As 1 : 1,4142 : ; the Side of the Square: Diameter required. | 

RuLs XXIII. The-Side of a Square being given, to find the Circumſerence of ite 
5 + 22 Circle. | 

As 1 : 44443 :: the Side of the Square: Circumference required. | 

XXIV. The Side of a Square being given, to find the Diameter of a Circle, 
| nearly equal to the Square. | 
As 1 : 1,128, : : the Side of the Square : Diameter required. 


; 'Rvus XXV. The Side of a Square being given, to find the Circumference of 4 Circle, 


Segmen 


= | 2 equal to the Square, 

As: 3,545, : : the Side of the Square: Circumference required. 
RuLEt VI. To find the Diameter of a Circle, as ee, Fig. T, having the Chord + 
| Line a b, and Height c d, of the &. 3 1 + 
| Sqwars ad, and divide the Product by c d, the Quotient will be equal to d e, 
then c d, more d e, is the Diameter required. -_ 

Rouge XXVII. To meaſure the Sector of a Circle, as c b a, or d ae f, Fig. R 

As 1 : & the Arch Line, : : the Radius da, or c: Area. 

Rules XXVIII. To meaſure the Segment of a Circle, as a be, Fig. P). 

INA Lines to be drawn from à and c, to the Center P; — abeP, 
will be a Sector; which being meaſured by Rulx XXVII. and the ſuppoſed 
Triangle @ c P, being deducted from it, the Remains will be the Content of the 
1 To meaſure the great Segment of a Circle, as de f. 
| Imacine Lines drawn from-d and e, to the Center P, as da and a e, in Fi. 
R. Then to the Area of the Sector da e % found by Rue XXVII. add the 
Area of the Triangle da e, by Rur I. and their Sum is the Area of the greater 
t required. Hence tis plain, that the Center of a given Segment of a 
ele muſt be known, before its Area can be found. | 
 _ Rue XXIX. To meaſure the Zone of a Circle, as ad ef be, Fig. Q 

To the Parallelogram 4 f ab, add the Segments de /, and a 6 c, and their 
Sum is the Area of the Zone required. | 
Rurx XXX. To meaſure the . of any irregular curvilineal Figure, as the 
3 igure V. 

Divivs the curved Bounds into - Ara as n p a, a b c, cde, / , £ bi, 
i In. To the Area of the right-lined Figure nacegil a, add t A Yo 
of the Segments np a, c de, ghi, ill, and from the Sum ſubtract the Areas 

ents abc, 1. and n m /, and the Remains will be the Area of the 


of the Se 
irregular Figure require 


the plain 


Routes XXXI. To meaſure an Ox Eye, as Fig. W. 5 
| 8 the Line @ d, then add the Area of the Segment a c d, to the Segment 
4 
Rur XXXII. To meaſure any ſpherical Triangle, as X Y Z, and A, Fig. II. 
Fixsr, Figure X, to the plain Triangle a c e, add the Segments ab c, c de, 
and @ e m, their Sum is the Area required. Secondly, Fig. Y, to the Area of 
Triangle a ö f; add the Segments 4 c l, and B d %, and from the Sum 
ſubtrat the Segment e 4 f, and the Remains is the. Area required. Thirdly, 
Fig. Z, from the plain Triangle @ ec, ſubtra& the Segments e ad, and b a e, and 
to the Remains add the Segment en, the Sum is the Area required. Fourthly, 


Fig. A, from the plain Triangle, a d /, ſubtract the Segments c 5 e, the Remains 


is the Area required. | 
RuLe XVXXIIII. To meaſure any mixtilineal Triangle, as B CD E, Fig. II. 
Fiasr, the Triangle C, from the plain Triangle, e a d, ſubtract the Seg- 


ments ac, and e c d, the Remains is the Area required. Secondly, the Triangle 


* — % 
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D, tothe . e; add the 8 & c a, and ce d, the Sum is th 

Area required. Thirdly, to the plain Triangle E, add the Segment 6 a c, the 

Sum 1s the Area required. 1 5 Ky | 5 


Ruls XXXIV. To meaſure compoimd regular Figures, ds FG H, Fig. II. 
FirsT, the Fig. F, to the geometrical Square à ; c d, add the Semi-circles & 
and /, the Sum is the Area required. Secondly, the Fig. G, from the metrical 
Square 1 2 3 4, ſubtract the 1 * tab, 2c d;h ; g, e 4, the Remains 2 
the Area required. Thirdly, the Fig. H, from the Paralleſo 1 2 3 4, ſub- 
tract the Triangles 1 5 c, d 2 e, a 3 h, and fg 4, the Remains is the Area required. 
Rur, XXXV. To meaſure E ad Bones Ovals, as Fig. O PQ. 
Fist, the Egg Oval, Fig. O. To the Trapezoid a & f b, add the Semi- cirele 
c d, and the Segments a f, h g, and d h, the Sum is the Area required. Se- 
condly, Fig. P. To the plain Triangle a c d; add the Semi-circle a 6 c, and the 
two Segments @ d, and c d, the Sum is the Area required. Thirdly, the Heart 
Oval Q, To the plain Triangle a 6 Fo add the two Semi-circles a d c, c e b, and + 
two Segments a f g, and &g f, the Sum is the Area required. nk 
Rurte XXXVI. To meaſure an Ellipfis,.as the Fig. I K. © abt 
As 1 : ,9854 :: the Square of two Diameters : Area, The Area of every 
' Ellipſis is a mean 57 "5" between the Areas of its circumſcribing and in- 
ſcribing Circles, as in Fig. N. 2 5 
Fon as the Area of the circumſcribing Circle a þ fm : the Area of the Ellipſis 
| : @#gpx: : the Area of the re V agpz : Area of the inſcribed Cirele ie. 
5 Rl XXXVII. To meaſure . 8 * Ellipfic, as e f i, Fig. M, or dg nu, 
ä ig. * 


. ro. N. 
FixsT, The Segment of an Ellipfis whoſe Baſe is parallel to the conjugate Dia- 
meter, as e Fi, Fig. M, is in proportion to the Segment d /n, of the fatne Height | 
of the circumſcribing Circle ; as h m, the Diameter of the circumſeribing Circle 
* 2 6 l the conjugated Diameter of the Ellipſis : : the Area of df u, the Circle's Seg- - 
ment: e fi, the. Area of the Segment of the Ellipſis. Secondly, the Segment | 
of an Ellipſis whoſe Baſe is —.— to the tranſverſe Diameter as d n, Fe. N, 0 
is in proportion, as the Area of the inſcribed Circle-b g o x : the Area of the | | 
Ellipſis a g 2 : : the Area of the Segment of the inſcribed Circle: d g n the 
Area of the Ellipſis req :ir.d. Or as g * the Diameter of the inſeribed Circle : _-_ 
@ þ the tranſverſe Diameter-: : the Area of the Segment of the inſcribed Circle: 
Area of the Segment of the Ellipfis. The Fig. K and L, are each a Semi-Ellipſis, 
the firſt on the tranſverſe; and the laſt on the conjugate Diameter, whoſe Areas : 
are to be found by <6nfid ring each of them as a whole Ellipſis, and take © the 
Area ſo found, for their Areas required. 3 2 „ 
The Fig. I K, /hewws ee to deſcribe any 2 by the Help of three flraight Laths, &c, © 
a4 following | 
Draw the 2 Diametcrs a f and 4 * right Angles, to their given Lengths. 
Make u d, and n e, each equal to half the tranſverls Diameter, then a and ? are 
the two focus Points, whereon fix two Laths, as on Centers, as d g and e h, each 
aqual to the tranſverſe Diameter. To their Ends I and g fix a third Lath, equal 8 
to the Diſtance of d e, ſo that the Ends at h and g may be moveable as the Joint e 
of a two- foot Rule. Then the three Laths being moved about the two focus Points, 7 
their ſeveral Points of Interſection will trace out the Ellipſis required. 8 
Rule XXXVIII. To meaſure the Area of a Parabola, as Figures R or 8. 


Ex Parabola is equal to two thirds of its inſeribing Parallelogram. There- a! 
fore as 1: d f, Fig. R. oraf, Fig. S: : ad, Fig. R, or ba, Fig. 8: a 4th Number, a0 
two thirds of which is the Area required. bal | L 

pry LECTURE+L | | 
Of Rules for meaſuring the Solidity of all Kinds of Bodies, and their: Superficier. | th 
Rur I. To meaſure the Solidity of the Cube R, or the Parallelopipedon W. .D 


* | Z 


Side: the Solidity required. 


QA 


{ 1 
4 


Tus Superficies of the Cube R, is the geometrical I 2 456, Fig. 
8, and of the Parallelopipedon W, the Parallelograms 1 X, 4 5 
Squares 2 3, Fig. X. Te | | 
| uLE II. To menſure the Solidity of any Priſm. as the Fi V, AB, and A D. 
As 1 : the Area of one End : : the Logs : Solidity required; the Super- 
ficies of the triangular Priſm V, is the P 
Fig. Z. Of the .hexangular Priſm A B, the Parallelograms 1 2 3 4 5 6, and 
1 78. And of the Trapezia Priſm A B, the Parallelograms 2, 3, 4, 5» 


and Trapezias 1, 6. 


A, Plate LXXIV. or an Elligſis, as Fig. I, Plate XXIII. 


As 1 : the Area of one End: : the Length: the Solidity required. The Su- 


perficies of the elliptical Cylinder I, is the Parallelogram / n m oz (whoſe Length is 
equal to the,Circumference of the Cylinder) and the 2 Ellipſes c & de, and e i gf. 
8 arts oa of the circular Cylinder A is the Parallelogram a, and two 
>ircles ; | 1 : SID 
RuLs IV. To meaſure the Solidity of a Tetrahedron, as Eig. T, Plate LXXII. 
- the Pyramis A G and AF, and Cone, Fig. R, Plate LXXIV.  _ 
| In every of theſe. Bodies, as 1 : the Area of its Baſe : : 5 of its Altitude: the 
Solidity required. The Reaſon hereof is, that every Cone is equal to I of its cir- 
cumſeribing Cylinder; that is, to a Cylinder of the ſame Baſe and Altitude. So 
likewiſe-every Tetrahedron and Pyramis is equal to & of its circumſcribing Priſm, 


whoſe Baſe and Altitude is the ſame as thoſe of the Tetrahedron and Pyramis, and 


therefore it follows, that as 1 : the Area of the Baſe of a Cylinder or Priſm: : 
the Length of its Axis: a 4th Number, one 3d of which is equal to the Solidity 
of the Cone or Pyramis inſcribed therein. | | 15 £0 

Fus Superficies of the Tetrahedron is the equilateral Triangles 1, 2, 3, 4+ 

Tur Superficies of the ſquare Pyramis A F is the geometrical 4 0 E, 
and the Iſoſceles Triangle aeb, bg d, d h c, and a cf. The Superticies of the 
octangular Pyramis A 6 is the Octagon A F, and Iloſceles Triangles a bc d e f 
g; and the Superficies of the Cone is the Sector þ hi F, and Circle 4 I. 

Nate, The Length of the Arch 4 f is equal to the Circumference of the Baſe 
of the Cone. And the Radius 2 5, to 5%, the Side of the Cone. | 

Rur V. To meaſure the Solidity of a Sphere, as Fig. T, Plate LXXIV. 

As 21 :.11 : : the Cube of the Sphere's Axis: Solidity required, or as 1 :,5236 
: the Cube of the Sphere's Axis: Solidity required; for if the Axis of a Sphere be 
11, its Solidity is, 5236. | WE A. 505» i 

Evexy Sphere is equal to a Cone, whoſe Axis is equal to the Radius of the 


8 —_ and its Baſe to the Area of the Sphere. Or every Sphere is equal to two 


Thirds of its circumſcrtbing Cylinder. Therefore, as 1: the Area of a great Circle 
of the Sphere : : the Diameter: 4th Number, two Thirds of which is the Solidity 
of the Sphere. 


As a Cone is equal to J of a Cylinder of equal Baſe and Altitude, and NR | | 


Sphere is equal to 3j; of a Cylinder of equal Diameter and. Altitude, tis therefore 
evident that a Cone whoſe Baſe is equal to a great Circle of a Sphere, and its 
Axis equal to the Axis of the Sphere, its Solidity is equal to & the Solidity of the 
Sphere. | Ns | a | | 

3 a Cone, whoſe Axis is equal to the Semi- axis of the Sphere, and the Di- 
ameter of its Baſe to twice the Diameter of the Sphere, will be equal to the Sphere; 
as alſo is a Cone whoſe Axis is equal to twice the Diameter of the Sphere, and the 
Diameter of its Baſe equal to the Diameter of the Sphere. : 

| Rue VI. To meaſure the Superficies of a Sphere. „ 

Tux Area of every Sphere is equal to four great Circles thereof, ſo the Area of 
the Sphere, Fig. T, Plat: LXXIV. is equal to the Circles WX V. Or as 1. the 
Diameter: : the Circumference to the Area required, 

Note, Tux Area of a circumſcribing Cylinder is to the Area of the inſcribed 
Sphere, as 3 is to 2; and, which is the ſame Proportion that the Solidity of the 
Cylinder has to the Solidity of the Sphere. Z Note, 
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geometrical _ . 
elogram 1 2 f, and Triangles 3, 4. 


Rurx III. To meaſure the Solidity of a C linder, whoſe. Baſe it a Circle, as Fig. 5 


a - 
—— — vote Noh, rue 
\ 
7 * 


+ From g Times the Axis, ſubtract twice the Height o 


* x 
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Note, Ir the Covering or Area of a Semi-ſphere be laid out, as taught in the 
Covering of the Heads of Semi-circular Niches, in LECT. XXV. hereof, as is 


exhibited in Fig. M, « A, u w x, c. and the Area of a Part, as of Z, be 


multiplied by twice the Number of Parts laid out, the Product will be the Su- 
on of the Sphere required. Note alſo, The ſeveral 6ccult Arches in this 
ig. are no more than a Repetition of thoſe in Fig. K, Plate LVI. which I have 
inſerted here again, for the eaſier underſtanding the Manner of deſcribing 
the ſeveral Parts, / v wv x, Oc. which are the Superficies cf the Semi-ſphere lid 


2 1 

.uLE VII. To meaſure the Solidity of any Segment of a Sphere, as f 1, 7; Fig. M, 

g Plate LAxfL 1 
f I. The Diameter and Altitude of the Fruſtum being given. 

To 3 times the Square of f 3, the Semi-diameter of its Baſe, add the Square of 
3,1, its Altitude. Multi ly the Sum by the Height, and that Product again by 
»5236, = Product, cutting off 4 Decimals to the Right-hand, is the Solidity 

uired. . 
II. The Axis of the Sphere k g, and 1 3, the Height of the Segment given. 
{ 5 F o Pte — Multiply 
the Remainder by the Square of the Segment's Height, and that Product by 5236, 
the Product, cutting off 4 Decimals to the Right-hand, is the Solidity required. 
Route VIII. To meaſure the Solidity of an 3 of a Sphere, as h kb, ig. AL, 
; late LX IV. 

From the Solidity of the whole Sphere, deduct the Segment h m &, and the 
Remains is the Solidity of the Fruſtum required. | EY 
Ruue IX. To meaſure the Zone of a —_ at h k d e, Fig. A, L, Plate LXXIV. 

From the Solidity of the whole Sphere, dedu& the two Segments h m & and 
d e b, the Remains is the Solidity of the Zone required. | ; 

Ruus X. To meaſure the Zone of a Spheroid, as Fig. L, Plate LXXIII. 

Muorrir the Square of 5 4, the conjugate Diameter, by a n, the tranſverſe 
Diameter, and that Product by ,5236, the Product, cutting off the 4 Decimals, is 
the Solidity required. e 

Note, Every Spheroid, as ace g, Fig. Q, Plate LXXIII. is equal to two 
Thirds of a Cylinder, as a d n fo whoſe Diameter is equal to the conjugate Dia- 
meter, and Height to the tranſverſe Diameter. 


* 


Rur XI. To meaſure the Svliditiy of the Segment, or Fruſtum of any Spheroid. 


Ixscamz the Spheroid in a Sphere; then as the Solidity of the Sphere is to 
eee of the Spheroid, ſo is any Part of the Sphere to the like Part of the 
>pheroid, | . 
Rurk XII. To meaſure the Solidity o a AI Conoid, as Fig. N, Plate 
LXXIII. ö 


Tuis Solid is generated by the Revolution of a Semi-parabola, on its Axis, 
and is thus meaſured, viz. Multiply the Square of its Diameter, by ,7854, 


and its Product by Half the perpendicular Altitude, the Product (cutting off the 


4 Decimals) is the Sohdity required. 8 
ULE XIII. To meaſure the Solidity | bee Fruflum of a Parabalick Conoid, as f a e g, 
| | Fig. N, Plate LXXIII. 5 
Mvu.TieLy the Sum of the Squares of a c and F , the leſſer and greater 
Diameters, by ,3927, and that Product by the perpendicular Height of the 
Fn the laſt — is ov ny required. 7 | 
ULE XIV. To meaſure the Solidity of a parabolick Spindle, as Fig. W, 
| A Plate LXXIfl # : 5 \ 
Murrierr the Square of g / its greateſt Diameter, by ,41888, (being zr 
of ,7854) and that Product by + 9 its Length, the laſt Product, cutting off the 


Decimals, is the Solidity required. 


RvuLe 


* 


Of the MENSURATION of Superficles and Solids. 175 
' Rus XV. To meaſure the Solidity of a Fruſftum of a Parabolick Spindle, ar df gl, 


or of a Zone, as df mo. | | 

Murrirry the Square of g /, the greateſt Diameter, by 1,5708 ; alſo multiply 
the Square of d F the leſſer Diameter, by ,7854 ; alſo multiply the Square of the 
Difference of the Diametera, by 14508 then from the Sum of the two former 
Products ſubtract the laſt Product, and 2 the Remainder by one Third 
of the r Length, that Product is equal to the Solidity of the Zone 
d f m o, whoſe half Part is equal to the Fruſtum d f g /, Be 5 

Ruts XVI. To me wre hs Solidities of the five regular Bodies, viz. The Tetra- 
bedron, Fig. T, Plate LXXII. The Q#ahedron, Fig. O, Plate LXXIII. The 
Hexahedron or Cube, Fig. R, Plate LXXII. The Jco on, Fig. T, and Dode- 
cahedron, Fig. R, Plate LXXIII. — 

Ir the Side of each Body be conſidered as 1 or unity, their Solidities are as 


follows, via. 
7 Solidities. Superficies, | 
Tetrahedron Jo, 1178511 — 1,732051 
Octahedron o, 4714045 — 3,4641102 
Hexahedron | 1,0000000 — 6,000000 
Icofahedron 2,18169g — $8,660254 
Dodecahedron | 7,663119 — 20, 645729 


Jo find the Solidities of cither of theſs Bodkes, | 

As 1 ; the ſolid Content in the Table, : : the Cube of the Side of the like 
Body to be meaſured : Solidity required; or if each Face be conſidered as 
the Baſe of a Pyramis, whoſe Vertex is in, the Center of the Body, then one 
ſuch Pyramis being meaſured ſingly, and its Solidity multiplied by the Number. 
of Faces contained in the Body, the Product will be the. Solidity of the Body 


required, | | 
To find the Superficies of either of. _ Bodies. | 
As 1: the ſuperficial Content in the Table, : : the {quare Side of the like Body 
to be meaſured : ſuperficial Content thereof; or if the Area of one Face be felt 
found, and multiplied by the Number of Faces contained in the Body, the Product 
will be the ſuperficial Content of the Whole, as required. N 
Note, The ſuperficies of the Tetrahedron is the Fig. V. of the Cube, the Nx. 
8, Plate LXXII. as has been already obſerved. Of the Octahedron, the 8 equi- 
lateral Triangles 12435867; Fee. P; of the Dodecahedron, the 12 Penta» 
ons 1 2 3456 7891011 12, Fig. S; and of the Icoſahedron, the 20 equi- 
teral Triangles 1 2 3 4, Cc. Fig. V. Plate LXXIII; and which being de- 
lineated on Paper or Paſteboard, as exhibited in the ſeveral Figures, and then 
cut out and folded up together, will form the ſeveral Bodies in juſt Propor- 
tion. : | 
Rvure XVII. To meaſure the Solidity of any Fruſtum of a Pyramis or Cone, whoſe 
Baſe is right-angled to its Axis, as the Fruſlums of Pyramis's Figures A C and E, 
Plate LXXIII. and the e of a Cone, Fig. 8, Plate LXXIV. 
MuuLTiPLy the Area of the greater End, by the Arca of the leſſer End, and 
extract the ſquare Root of the Product. Add the ſquare Root to the Areas of 
both Ends, and the Sum multiplied by one Third of the Fruſtum's Length, the 
Product is the Solidity required. . 
Tux Superficies of the Fruſtum of the triangular Pyramis A, Plate LXXIII. 
is the three Trapezoids, abc d, d h b f, cf 1 3, and two equilateral Triangles 1 2 3. 
and c d /, in Fig. B. The Superficies of the Fruſtum of the Pyramid C is the 
four Trapezoids a b 5 8, 82 47, 67 + 2 546; and the two geometrical . 
_— 12 3 4, and 5867, Fig, D. The Superficies of the Na of the 
octangular Pyramis, Fig. E, are the four Trapezoids on each Side, and the two 
Octagons wv, and a5 g f, &c. The Fig, F, is alſo the Superficics of the octan- 
ar Fruſtum E, where the Trapezoids 12 3 4 5 6 78 9 are its Sides. The 
ctagon F its Baſe, and the Octagon 4 its Top. | 
| | Z 3 | Tus 
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Tux Superficies of the Fruſtum of a Cone, Fig. S, Plate LXXIV. is the im- 
erfect Superficies degf cr, and the Circles n n, and h AT. | | 
Roos XVIII. To meaſure the Solidity of a Priſmoid, or Fruſtum of an irregular 
Pyramid, whoſe Ends are ee ortionable, Fig. G, Plate LXXIII. 

To V add half þ d, which multiply by & g, the greater Breadth, and reſerve 
the Product. To h d, add half Fh, whic multiply by c d the leſſer Breadth, to 
which add the former Product reſerved, and the Sum being multiplied by one Third 
of the perpendicular Height, the Product is the Solidity required. | | 

Tux Superficies of this Fruſtum is the 4 Trapezoids 1 2 4 5, and the 2 Paral- 


| lelograms 3 and 6, Fig. H. 


RULEZ XIX. To meaſure the Solidity of un oblique Fragment of a Cylinder, as a c, 
Fig. 5 Pla e LXXIV. s | 


TT” the Area of its Baſe a, : : half its Length: the Solidity required. The 


Superficies of this Fragment is the Iſoſceles Triangle / g e, the Ellipſis b, and the 
Circle d. a 

Note, Fig. Z is a double Fragment, whoſe Superſieies is the two Ellipſes e and 
, and geometrical Square 15 m n; and Fig. O is the Outſide of de ab, which 
is a Fragment of a Fragment of the Cylinder h d g 6. 5 
RvuLe XX. To meaſure the Solidity of a Cylinder, <vhoſe Ends are oblique to its Axis 

. 2 Fig. L, Plate LXXIV. 6 

By Rvurx XIX. meaſure the Fragments a and b ſeparately, and add their Soli- 
dities to the Solidity of the Cylinder p 9, the Sum is the Solidity required. 
The Superficies of this Cylinder is the double Trapezoid e fhg, h g ! i, and the 
two Ellipſes c and d. The Figures E I K are other Examples of this Kind, 
whoſe Superficies produce different Figures, according to the various Sections of 
their Ends, which I have added for further Examples of this Kind. | 


Rur XXI. To meaſure the Fragment of a Cone, as bd e, Fig. A B, Plate 


LXXIV, 
As 1 : the Area of its Baſe, :: 15 of its Altitude: its Solidity required, 
The Superficies of this Fragment is the curved Figure c 8 e 4, the Circle g or, and 


the 9 5 ab de, Fig. A X, 


Rur XXII. To meaſure the Fruſtum of a Core, chef End: are oblique to the Axis, 
as Fig. A C, and A D, Plate LXXIV. SM 

. FixsT, meaſure the Fruſtum, as a Fruſtum whoſe Baſe is right-augled to the 

Axis, and from that Solidity deduct the Fragments that are deficient at the Ends, 

and the Remains will be the Solidity required, | Os 

Tux Superficies of theſe Fruſtums are laid out as following, Fig, AB. On a 


deſcribe the Arch c m /, c. e. equal to the Circumference of the Bale of the 


Cone, which divide into 8 equa} Parts, at the Points »» / + i, Sc. and draw the 


Lines a , al, a bc. Draw 1 parallel to de, and divide 1 c into four equal 
Parts. Make à 5, 4 11, each equal to a 4; make a6, a io, each equal to a 3 
make a 7, à 9, each equal to a 2; make à 8 equal to à 1. Through the 
Points 11, 10, 9, 8, and 7, 6, 5, trace the Curves e 8, and 8 c, then the 
Figure c8 eic is the Superficies of the Side. The Superticies A C, and A D 
are deſcribed in the ſame Manner. ES e 
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g LECTUR Ek 
5 Of the Solution of plain Triangles. 


I. DzFiniTIONS. 


IRST, plain Triangles are right-angled or oblique-angled. Secondly, a 
right-angled Triangle is ſuch a Triangle as hath one right Angle and 
two acute Angles, as the Triangle A, Plate LXXV. whoſe Angle bc a is a 
right Angle, and the Angles'c & a, and b @ c, are both acute Angles. Third- 
ly, an oblique Triangle is ſuch a Triangle as hath one obtuſe Angle, and 
two acute 7 as the Triangle B, whoſe Angle b c a is obtuſe, and the 
Angles c b a, and ca b, are both acute Angles, Fourthly, in eve right- 
. plain T that Side which ſubtendeth (or is oppoſite to) the riglit 
Angle, as b a, in Figure A, is called the Hypothenuſe; and of the other two 
Sides, the one, as c a, is called the Baſe ; and the other, as c 6, is called the Per- 
endicular. Fifthly, in every oblique plain Triangle, as Fig. C, the longeſt Side 
is generally called the Baſe, as c a; but ſometimes one of the other two Sides is 
made the Baſe. Sixthly, in every right-lined Triangle, the Sum of the Degrees 
contained in the three Angles, are equal to 180 Degrees ; therefore if you have 
any two Angles given, you have alſo the third given, it being the Complement to 
180 Degrees. Seventhly, and as in a right-angled plain Triangle, the right 
Angle contains 90 1 * therefore if any one of the two acute Angles be given, 
the other acute is alſo given, becauſe it is the Complement of the other acute 
Angle to go Degrees; or of the other acute Angle and right Angle to 180 De- 
rees. Eighthly, in all plain Triangles whatſoever the Sides are proportional to the 
E of their oppoſite Angles. s | 
Tus Solution of plan Triangles has always conſiſted of 12 Caſes, but herein 
I have reduced them unto 8 Caſes, of which 4 are of Triangles right-angled, and 
4 of Triangles oblique ; and which anſwer every particular exactly the ſame as 
thoſe of other Authors divided into 12 Caſes. , 
| I. Of right-angled plain Triangles. | 
In the Solution of right-angled plain Triangles, there are always two Parts 


given, as two Sides; or an Angle and one Side; to find a Side or an Angle 
required, | | | 
» Cask I. Fig. A, Plate LXXV. 


The Baſe, e a 80 Feet, and Perpendicular e b 60 Feet, being given, to find the acute 
5 Anglet e ba and b a c, and the Hypothenuſe. 

Maxs c a (by a Scale of Feet) equal to 80 Feet, and c b equal to 60 Feet, and 
draw 6b a, which is the Hypothenuſe required. With 60 Degrees of Chords, on 
the angular Points & and a, Leibe the Arches e d and g / wich being meaſured 
on the Scale of Chords, e d will contain 52 Deg. 30 Min. and g f 37 Deg. 30 
Min. which are the Angles required. | | 

. Fer I. Fig. A, Plate LXXV. 
The Hypotbenuſe b a 100 Feet, and the Baſe c a 80 Feet, being given, to find the 
3 535 acute Angles, and Perpendicular b e. Ma 
Ak. nw PF . = 


« - 
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Maxx c a equal to 80 Feet; wed the W oem, ne c 6 of Length at pleaſure ; 
on a, with the Length of 100 Feet, interſect the Perpendicular at 5, and draw 
the Line ö a; then meaſure the Degrees in each Angle, as in CAsx J. and b c will 
be the Perpendicular required. | 
| Casz III, Fig. A. Plate LXXV, 


Dye Baſe e a 80 Feet, and the Angle e a b, oppoſite to the Perpendicular 37 Degrees 
- | 


30 Min. being given, to find the Perpendicular c b, and Hypothenuſe b a. 
Maxt ca « mp to 80 Foot; erect the Perpendicular cbof 2 
make the Angle b a c equal to 37 Deg. 30 Min. and draw the Line a 5, which 


will cut the Perpendicular in ö, then bc is the Perpendicular, and 6 a is the Hy- 


pothenuſe required. 5 ä 
| ; "ty Fg 2 — IV. Fs. A, Plate LXXV. k ME 
The Hypothenuſe ba 100 Feet, and the Angle c ba 52 Deg. 30 Min. te to the Baſe, 
E he 2 to find the Length of the Baſe C S and of the 8 e b. 4 
Draw þ a equal to 100 Feet; make the Angle ba c equal to 52 Deg. 30 Min. 
and draw 6c of Length at pleaſure ; make the Angle b ac equal to the Comple- 
ment of the Angle c 6 a, and draw the Line @ c, which will cut & c in c then c 4 
is the Baſe, and bc the * 75 required. ; 
| ES. II. Of rr ing e Triangles. 
Ix the Solution of oblique-angled plain Triangles, there are always three Parts 


given, as two Sides and an Angle, or two Angles and a Side, to find a Side or an 


Angle required. 

Case I. Fig. B. Plate LXXV. © 

T wo Sides and an Angle oppoſite to —_ the Sides, being given, to find the third 
Ide, 


Tuis admits of three Varieties, as, . 


Firſt, The Baſe b a 100 Feet, and Side be 50 Feet, with the Angle b a e 28 Deg. 


oppoſite to the Side b c, being given, to find the Side c a 60 Feet. 

Maxs ba equal to 100 Feet; on 6, with the Length of 50 Feet, deſcribe the 
Arch die at pleaſure ; in any Part of J a, as at h, make an Angle, as 5 5 e, equal 
to the given Angle 28 Degrees; from a, draw the Line a c parallel to h e, which 
will cut the Arch 4 c in c, then the Line c a is the Length of the Side required. 
Secondly, The Baſe c a Fig. C, 100 Feet, and Side b a 50 Feet, with the Angi 

c ba 110 Degrees, oppoſe to the Baſe c a, being given, 
333 to find the Side e b 60 Feet. Fd | 

Maxx b a equal to 50 Feet; make the Angle c b a equal to 110 Degrees, and 
draw bc of Length at pleaſure ; on c, with the Length of the Baſe 100 Feet, in- 
terſect the Line bc in e, then cb is the Length of the Side required. 

Thirdly, The two Sides e b 60 Feet, and ba 50 Feet, with the Angle be a 28 
Degrees, oppoſite to the Side b a, being given, to find the : 
Length of the Baſe 100 Feet. 

Draw «© aat pleaſurez on e make the Angle à c b, equal to the given Angle 
28 Degrees, and make c equal to 60 Feet; on 6, with the Length of 50 Feet, 
interſect the Line c a in a, then c a is the Length of the Baſe required. 

Cask II. Fig. C, Plate LXXV. 
The Baſe e a 100 Feet, and the Side e b 60 Feet, with the Angle b c a 28 Deg. 
contained betæueen them, to ” mee the third Side b a, and the Atigles e b a and bac. 

Maxs ca equal to 100 Feet; make the Angle þ c a equal to 28 Deg. and the 


Side £6 equal to 60 Feet; draw the Line þ a, which is the third Side required ; 


then meaſure the Angles cb a and ba c, as in Cass I, of right-angled plain Tri- 


angles. 
Cass III. Fig. C, Plate LXXV. 6 
T he three Side: c a 100 Feet, e b or _ ba 50 Feet, being given, to find all 
: the Angles. R 


By Pros. I. Lect. IV. Parr II. complete the 3 Ac a, and by CAsx I. 


of right-angled plain Triangles, find the Quantity of each Angle. c 
Fs 'Casz 


nyth at pon "5 


„ Red . o rr oe 


Land 


- 


Of Plain 'TR1GONOMETRY, Geometrically performed. 179 
2 : Casx IV. Fig. C, Plate LXXV. 
Two Angles, as be a 28 Deg. ba c 42 Deg. and one Side, as e b 60 Feet, being given, 
to find the other tevo Sides ba 50 Feet, and c a 100 Feet. - 
Maxx c equal to 60 Feet; make the Angle 5 c @ equal to 28 Deg. and the 
Angle 3 a c equal to 42 Deg. continue out the Lines 6 @ and © a, and they will 
interſe& tach other in the Point a; then c a and 6 à are the two Sides required. 
Note, The Doctrine of plain Triangles, performed by the Tables of Logarithms, 
Sines, Tangeuts'and Secants, being more difficult to be underſtood by Learners, 
than the preceding, and as to have added thoſe Tables would have ſwelled the 
whole beyond its intended Bulk and Price, I therefore omitted the Analogies and 
Tables, which, if this Work be favourably accepted, I will publiſh — in a 
ſeparate Volume. 


LECTURE II. 
Of Menſuration of Heights and Diſlances. 


HE proper Inſtruments for theſe Purpoſes are a Quadrant, as Fig. D, and 
a ten Feet Rod, Chain, &c. ; ; , e 
2 P o B. I. Fig. F, Plate LXXV. | 

To take the Altitude of an Object, as the Obeliſt b n, by the Help of a Quadrant. 

Move from the Object, until, looking through the Sights of the Quadrant to 
the Top, of the Object, the Plumb-line cut 63 Deg. 26 Min. on the Limb, as 
at h ; then the Height of your Eye being added to your Diſtance from the cen- 
tral Line of the Object, is equal to half the Height of the Object: Or move back- 
ward, until the Plumb-line cut 45 Deg. as at i, and the Height of your Eye 
added to your Diſtance as before, the Sum is the Height required. And ſo in like 
Manner moving backwards, until the Plumb-line cut 33 Deg. 20 Min. as at 4, 
then + of the Diſtance is the Altitude. And at /, where the Plumb-line cuts 26 
Deg. 34 Min. the Diſtance is double the Altitude. | 

if any Obſtruction is between you and the Object, ſo that you cannot meaſure 
to its Baſe, then go nearer, or farther, until the Plumb-line cut 26 Deg. 34 Min. 
as at I, and there make a Mark on the Ground; move backward in a right Line 
with your ſirſt Station and the Object, until the Plumb-line cut 18 Deg. 26 Min. 
as at m, then the Diſtance between your two Stations / and m, is equal to the 
Altitude required. | - 
15 8 Px O B. II. Fig. G, Plate LXXV. 1 

To find the Altitude of an Object, by knowing the Length of its Shadoau. 

SET up a Stick of any known Tae „ ſuppoſe 3 Feet, as de let the Length 
of the Shadow of the Object be b e, and of the Stick e g ; then as the Length of 
the Shadow of the Stick is to the Height of the Stick; ſo is the Length of the 

Shadow of the Object to the Height of the Object. 


| P xo B. III. Fig. H, Plate LXXV. | 
To take the Altitude of an Olje that © e by the Help of a ten Feet Rod and 
a Stick only. 
Let the O;eliſt a b be an acceſſible Obie, whoſe Altitude is required. 

Exxcr a ten Feet Rod in any Place, as at m, and a Stick, as n 1 equal to 
the Height of your Eye, at any Diſlance in a right Line with the Building; look 
from the Top of the Stick, level to the Building, and againſt your Ray of Sight, 
at the ten Feet Rod, make a Mark, as at e; cauſe a ſecond Perſon to fide a Piece 
of Paper up the ten Feet Rod; ſo that, looking from the Top of the Stick 5, to 
b the Top of the Object, you ſee the Top of the Paper, as at d, at which Place 
make a Mark : This done, meaſure the Diſtance of the two Marks on the ten 
Feet Rod e and d, alſo the Diſtance e /; then as e / is to e d, ſo is c /, the Diſ- 
tance of the Stick from the Object, to c @ the Height of the Object above the 
Level. line c /, to which add the Height of the Stick » f, and the Sum is the Alti- 
tude require. - | 


Pzo8. 


* 


180 Of Plarai cov TRY, Geometrically performed. | 


PR OB. IV. Fig. G, Plate LXXV. 


Ty take the Altitude of an Object that is wang 9g by itt Shadow. 
.._ .Svyeost the Shadow of the Object reach from à to 

the Shadow of a Staff reach from e to g; at about two or three Hours after, when 
the Sun is riſen conſiderably higher, place down a Mark at the End of the 
Object's Shadow, which ſuppoſe to be at c ; alfo, at the ſame Time, make a Mark 
at the End of the Shadow of the Stick, f poſe at /; now, as the Triangle d fg 
is ſimilar to the Triangle ace, and as the Triangle de f is ſimilar to the Triangle 
a c b, therefore, as f/ g is to the Height of the Staff d e, ſo is ce to the Height of 
the Object required. a 85 „ | 


Pa OB. V. Fig. I, K, Plate LXXV. 


\ 


To meaſure the Altitude of a Hill or Mountain, by the Help of a Sirit- Level and Station» 


Py Staffs, 


(1 ExtcT your Level truly horizontal on the Top, as at 5, and directly 
| againſt the Inſtrument, let a ſecond Perſon hold up a ſliding Station-ſtaff, with a 
Vane fixed thereon, which he is to move up, until, 

of your Level, you ſee its upper Edge, as at a This done, let the 
write down the Number of Inches and Parts of Inches that his Vane is above the 
Ground at m, let a third Perſon write down the Number of Inches and Parts of 
Inches that your Inftrument is above the Surface of the Ground at 5. (2.) Re- 
move your Level down the Hill, as to 4, and your 2d Aſſiſtant to I, and let 
your 3d Aſſiſtant ere& his Station-ſtaff at n, the Place where your 2d Aſſiſtant 
firſt ſtood : This done, fix your Inſtrument truly horizontal, and looking to your 
zd Aſſiſtant at m, let him flide up his Vane until you ſee its upper Edge, at 
which Time he is to ſet down, under the Height of the Inſtrument obſerved at 5, 
the Inches and Parts of Inches that his Vane is then above the Ground; alſo 


4 


look to the Station-ſtaff of your 2d Aſſiſtant, and cauſe him to ſlide up his 


Vane, until you ſee its upper Edge, as at /, and let him place down the Inches 
and Parts that his Vane is above the Ground, under his firſt Height obſerved at 
n. Proceed in like Manner at every other Obſervation, as may be required to 
. deſcend unto the Bottom at 3. (3.) Let each Aſſiſtant add into one Sum the 
Fieights of his ſeveral Obſervations, and then that of your 3d Aſſiſtant's being 
fubtracted from that of your 2d Aſſiſtant's, the Difference is the Altitude of the 
Hill required, | T4 | A 
PA O B. VI. Fig. P, O, M. Plate I. XXV. 
To meaſure an inacceſſible Diſtance. 


Inaccess1BLE Diftances oy be meaſured by many Methods, as, 
Firſt, To find the Diſtance of the two Trees 75 and 8, Fig. P, which are rendered 
tmacceſſible by the River b b. | 
Asstox any Point on the Ground, from which you can meaſure directly un- 
to the two Objects 7 and 8, as the Point 9; continue 7, 9 unto 11, and 8, 9 
unto 10, making the Diſtance of 9, 11 equal to 7, 9, and the Diſtance of 9, 
10 equal to 8, 9, then the Diſtance from 10 to 11 is equal to the Diſtance of 
7, 8 required. 
' Secondly, To find the Diſtance of the Tree at r, in Fig. M, 5 the Point v, cubich 
is rendered inacceſſible by the River b b. | 
Imacixs a Line to be drawn from v to r, and thereon erect the Perpendicular 
v ww, of any Length, and let r v be continued at pleaſure towards y, which may 
be Cone by ſtraining a Pack-thread Line from v towards y, in a right Line with 
* r. In any Part of the os gin) v d, aſſign a Point as w, and at any 
Diſtance from you, place a Stake in a right Line between wv and r, as at s; alſo 
another on the Perpendicular, at any Diſtance from ev, as at :.. Make the Triangle 
wv t x, equal to the Triangle ws # ; and continue @v x, until it meet the Line vy 


in y ; then the Diſtance vy is equal to the Diſtance vr, required. HE 
| | Thirdly, 


> and, at the ſame Time, 


looking through the Sights 
3 Perſon 


enn e . He 


— 


/ 


— 
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Thirdly, To find the Diftance of the two Trees, 12 and 13, Fig. O, which is rendered 


inacceſſible by the River d. 


Aſſign a Point as 16, from which you can meaſure to both the Objects. Place 


two Stakes at any Diſtance in right Lines, from the Point 16, to the two Objects, 
as at the Points 14 and 15, and meaſure the Sides of the Triangle 14, 15, 16, alſo 

the Diſtances from the Point 16, to the Objects 12 and 13. On Paper, with a Scale 
of Feet, make a Triangle, whoſe reſpective Sides are equal to the ales of the 


Sides of the Triangle 14, 15, 16, and continue out the Sides, reſpecting the Sides 


16, 14, and 16, 15, each equal to the Meaſures of 16, 12, and 16, 13. Then the 
Diſtance between the Extremes of thoſe Lines, being meaſured on your Scale of 
Feet, will be the Diſtance required. | | N | | 

„ PRO B. VII. HF. NK L. Plate LXXV. 

To meaſure an inacceſſible Diſtance, by Help of a geometrical Square, right-angled or 
a 78 equilateral Triangle. | | 5 
Firſt, To meaſure the Diſtance 5 b, Fig. N, which is rendered inacceſſible by the 
Kiver e, by Help of a geometrical Square. 

IMAGINE a right Line to be drawn from 5, to the Object 5, which continues 
towards 4. On the Point 5 erect the Perpendicular 5 z of Length at pleaſure, 
and therein aſſign a Point, as z, where with a Piece of Board make a geometrical, 
__— apply its Angle over the Point z, and direct its Side & 1, to the Object; 
alſo at the ſame Time cauſe an Aſſiſtant to move along the Line 5, 4, until by 
the Side of the geometrical Square à 3, you ſee his Station-ſtaff erect, at 4. 
This done, meaſure the Sides of the Triangh 
is to rug Perpendicular z 5, ſo is the Perpendicular 2 5, to 5 l, the Diſtance re- 

uire 
| Secondly, To meaſure the 1 k, Fig. L, which is rendered inacceſſible by 
| | the River b. 

Beixc furniſhed with a Piece of Board that is an equilateral Triangle, as I mn, 
| apply one of its Angles over the Point J, and direct a Side, as / m to &, and at 

the ſame Time direct an Aſſiſtant to fix up a Station-ſtalf in a direct Line with the 
other Side I n, at any Diſtance from you, as at p, and then ſet up a Mark in the 
Point J. This being done, move along the Line I, until by the vides of the 
equilateral Triangle you can ſee both the Mark ſet up at /, and the Object at &, 
e you will do at the Point p ; then the Diſtance of /þ is equal to the Diſtance 

required. f | 

Now, In the ſame Manner, an inacceſſible Diſtance, as f a, Fig. K, may be found 
by a right-angled plain Triangle, as ef g, whoſe Sides e f, and f g, are equal, as is 
evident to Infpetios. | | 
3 Pros. VIII. Fig. Q. Plate LXXV. | 
To meaſure the Diſtances of divers Oljedts, that are inacceſſible at two Stations, by the 

Help of a common ſmall Table, or Joint. lool, and a ftraizht Rule, with perpendicular 

Sights fixed at each End thereof. 


' LsT the ſeveral Objects be a bc d, and the two Stations i I, at 100 Feet, Yards, | 


Se. Diſtance. OPS: | 
Brix furniſhed with a ſtraight Rule, about two Feet, or two Feet and a half, 
m Length, with perpendicular Sights ſo fixed at each End, that the Slits-of the 
Sights ſtand perpendicular over the thin Edge of the Rule (which is generally 
ed an Index), and a ſmall Table or Stool, that hath a ſmooth and even Sur- 
face, proceed as follows, viz. With a Scale of Feet, &c. draw a Line in the 
Middle of the Table, as i &, equal to 100 Feet, the Diſtance between the two 
Stations; and then being at one of the Stations, as at i, lay the Edge of the 
Index to the Line # l, and move the Table, until through the Sights of the Index 
| you ſee the other Station I, and there fix your Table fait. On the Point i on your 
Table fix a Pin, and applying the Edge of your Index to the Pin, look through 
the Sights, to the firſt c at a ; and draw a Line from the Pin, by the Edge of 
the Index at pleaſure, as i a. Made your Index in like Manner to every of the 
remaining Object, drawing * Pin, tcwards each Object, as at firſt. 
„ : | 1 
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This done, remove your Table unto E, your ſecond Station, and placing the Point 
i on your Table, towards the firſt Station, lay your Index to the Line 4 i on your 
Table, and move the Table, until through the Sights you ſee your firſt Station, 
and there fix your Table faſt. Fix a Pin in the Point & on your Table, and then 
applying the Side of the Index to the Pin, direct the Sights unto. every of the 
Objects, and draw Lines, as before, at the ſirſt Station, which will interſe& the 
former in the Points abc d, and whoſe Diſtances (or the Diſtances from the two 
Stations i and 4) being meaſured on the ſame Scale by which the Line i þ was 

drawn on the Table, will be the true Diſtances of each Object required. 
VMWole, By the ſame Method of working, the Plan of any open Field may be taken, 
1. — are conſidered as ſo many differeut Objects, and can be all ſeen at 

on. | | 


= | — - 
1 & 8 eim - wo mx 
þ n Y — 2 * 
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Of Surv vitGc LANDS, @c. 


HE uſual Inſtruments for this Purpoſe are generally the Plain Table, Theo- 
dolite, Circumferentor, and Chain: but as the three firſt are Inſtruments 
| Ef great Expence, beyond the Reach of common Workmen, for whoſe ſake I 
have publiſhed this Work, I ſhall therefore give ſome few Examples, to ſhew how, 
by the Help of a ten Feet Rod, or Chain, and a Joint-ſtool or Table, they may 
make the Plan of any Piece of Land, that is not of very great Dimenſions, with the 
utmoſt Exactneſs. | 8 7 
. MN. B. The Chain is that which is called Gunter's Chain, whoſe Length is equal 

to 4 Statute Poles, or 66 Feet, divided into 100 Links, each 7 Inches 1e in 


Length. | | 
Pros. I. Fig. S. Plate LXXV. | * 
To make the Plan of an irregular Side of a Field, as i hgfed cab. 
Make an Eye-draught on Paper, expreſſing the ſeveral Angles, and therein draw 
the occult Line& a; as alſo the is, Yes. nw Off-ſets 12 , 42 f, 56 f, Oe. 
This done, in the Field, meaſure in a right Line from i, towards a ; and when you 
come againſt the Angle b, as at the Point 12, write down on your Eye - draught 
the Diſtance meaſured from i, as alſo the Length of the Off-ſet 12 %, which place 
on the Off-ſet. Proceed in like Manner to meaſure the remaining Diſtances to 
every Off- ſet, and the Length of each Off-ſet. This done, draw a Line on Paper, 
and with a Scale of Feet ſet off from 7 all the ſeveral Diſtances, as i 12, i 42, i 56, 
c. and from thoſe Points erect Perpendiculars, making each equal to their reſpec- 
tive Meaſures in the Eye-draught, and then right Lines, as i %, h g,g ft. being 
drawn from i to h, from 5 to g, from g tg /, &c. they will be the Plan of the irre- 
Side of the Field, as required. 3 
Note, If the Side of the Field be curved, as Fig. R, then take Off- ſets at every 
remarkable Bending, as at ge i , Sc. which meaſure and plan as before, and 
* through their Extremes trace the Curve, as required. 
| PRO B. II. Fig. V. Plate LXXV. 
To male the Plan of a Field, by the Help of a Chain only, as Hg. acdgfe. 
Maxx an Eye-draught of the Field, and divide it into Triangles. Meaſure the 
Sides of the Field, and of every imaginary Trizgle, which place on each reſpee- 
tive Side, with à diagonal Scale of Chains ang Links, as expreſſed by . 


* 


| . 5 * 5 ; | | a 
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Plate IX. By Pros. I. LE Cr. IV. PART II. delineate all the ſeveral 


Triangles, as repreſented in your Eye-draught, and they will complete the Plan 


of the Field, as required. 


| Pros. III. Fig. V. Plate LXXV. _ © 
To make the Plan of an irregular curved Field, by Help of the Chain only, as 


| bedefghik. 

FixsT fix up Marks, ſuch as Pieces of Paper fixed into the lit Ends of 
Sticks, at proper Places, as at 6c de fg bi l, and imagine Lines to be drawn 
from one to the other, as b c, c d, de, e , Cc. Aſſign a Station towards the 
Middle of the Field, as at a, and imagine right Lines to be drawn from thence, 
unto the ſeveral Marks at 6 c d e f, Oc. which will divide the whole into ima- 
ginary * Make an Eye-draught as before directed, expreſſing every 

riangle, Wc. | 

Wig," hag II. hereof meaſure and delineate the ſeveral: Triangles; and by 
Pros. I. meaſure and delineate the Off- ſets on the Out- lines of the ſeveral Triangles, 
ot for deſcribing the curved Boundaries, which will complete the whole, as 
require : | ; 

. Chains and Links are thus written, viz. 3 Chains, 75 Links, as from 
b to a, thus, 3: 75, and two Chains, and 10 Links, as from c to a, thus, 2: 10, 


£9, Co * , 
Pros. IV. Fig. AC. Plate LXXV. 
To make the Plan of a Field, whoſe Angles cannot be all ſeen under three Stations, 
as at a d e, by Help of a Table and Chain, + 

Assi 3 Stations in the Field, as a dc, at any Diſtances, ſuppoſe a d, at 3 

Chains Diſtance, and dc, at 3 Chains, and 35 Links. Draw a Line on your 
Table, by your Scale of Chains and Links, to repreſent 3 Chains, the Diſtance 
between the Stations a and 4. Place your Table in the Field, over the ſtationary 
Point a, and laying your Index on the Line a d, move the Table about, until you 


| ſee the Station d, and there make your Table faſt, Fix a Pin in your Table, at 
the Point a, and laying your Index thereto, dire& the Sights to the ſeveral Angle | 


mnowv wx 3, and draw right Lines from the Pin, towards each Angle, Mea- 
ſure the Diſtances from your Station a, unto every of the Angles, and from 
your Scale of Chains and Links ſet from the Pin, on each Line, as a m, an, a o, 
@ v, Oc. their reſpective Lengths, as 2: 75; 815 7533 . Sc. and draw 
the Lines mn, no, o v, v W, w x; and x 3: Move your T le 

Station d, and laying your Index on the Line a d, move the Table about, until 
through the Sights you ſee your firſt Station at a, and there make it faſt, Fix a 
Pin in your Table at the Point d, and laying your Index to the Pin, turn it about, 
until through the Sights you ſee your third Station qt c ; and by the Side of the 
Index draw the Line 4c, which make equal to 3 Chaing, 25 Links, the Diſtance of 
the third Station c from d. Alſo, from the Pin on the Table, direct the Index 
to the Angle y, and draw the Line dy, equal to its meaſured Length, and join the 
Side 3 5. Remove your Table to c, the third Station; lay the Index on the Line 
dc, and move the Table about, until through the Sights you ſee the Station , 
and there make it faſt. Fix a Pin in your Table, at the Point c, and laying your 
Index thereto, direct the Sights to the Angles 2 + 7 % and draw Lines towards 
each Angle, equal to their reſpective Meaſures, from the Station c. Then the 
right Lines y x, & b, bi, il, and / n, being drawn, they will complete the Plan, as 


required. | 
| : PRO B. V. Fig. A C. Plate LXXV. „„ 
To make the Plan of a Field, by going _ it without-fide, by Help of a Table and 
in. . 
. Firsr, go about the Field, and at 2 Diſtances make choice of Stations, as 
at a, p, 9, T, 5, g, Whereat fix up Sticks with Paper as aforeſaid. Then beginning 
at any one Station, as at a, meaſure the Diſtance from a to g, and from a to p. 


Draw a Line on one Side of your Table, on which ſet from your Scale of Chains 
| Aa2 : and 
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the Diſtance that the Mark at 9 is from the Station at 9. 
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and Links, the Length from à to g, place your Table over the Point a. Lay your 


Index on the Line repreſenting the Line.a g, and move the Table about until 
through the Sights you ſee the Mark at g, and there make it faſt. Fix a Pin in 
your Table at the Point a, and laying your Index to the Pin, direct the Sights to 
the Mark at þ, and by its Side draw the Line à p, equal to its Length before mea- 
ſured. By Pros. I. hereof, on the Line a g, meaſure and delineate the Off-ſets 
5 , cn, d m, alſo the Off-ſet 4 /, from the Off-ſet 4m; then ei, and / b, alſo the 
Off- ſets ?v and i , on the Line ap. Through the Extremes of the afore- 
ſaid Off-ſets draw the Lines wv v, v 0, o n, n mn, mi, and i h. 8 

Prack your Table over 2, and laying the Index on the Line p a, move your 


Table about until through be Sights you ſee the Mark at a, and there make it faſt. 
Fix a Pin in your Table at the Point p, and laying your Index to the Pin, direct 


the Sights to the Mark 9, and by its Side draw the Line 7 » which 3 equal to 
eaſure and delineate the 


Off- ſet ꝙ x, and draw the Line wv x. Repeat theſe Operations at the Stations 


'grs, and you will complete the whole, as required. 


Note, By the ſame Rule, the Plan of a Field may be made, by going about it 


within-ſide, as ſignified in Fig. V, by the ſtationary Diſtances, s /mnogrts. 


POB. VI. Fig, T. Plate LXXV. 
To make the Plan 4 an encloſed Road, Street, &c. 

Fir, Make choice of proper Stations as at it and v, at which Places fix up 
Marks as aforeſaid ; meaſure the Diſtances ? s, and t v, draw a Line on your Table, 
ta repreſent the Line ? v, on which from your Scale of Chains and Links ſet its 
raeaſured Length. Place your Table over the ſtationary Point ?, and laying the 
Index to the Line ? v, move the Table about until through the Sights you ſee the 
Merk at v, and there make it fait. Fix a Pin in your Table at the Point 7, and 


laying the Index to the Pin, direct the Sights to the Mark at 5, and by its Side 


draw the Line 74, equal to its meaſured Length. 
By Pros. I. hereof, meaſure and delineate an Off. ſet againſt every Angle, con- 


tained in the two Sides of the Road or Street, and right Lines being drawn to 


their Extromes will be the Plan of the Road or Street, as required. 
kg PRO Rn. VIII. Fig. XX. Plate LXXV. 
To make the Plan of an irregular Wal!, by the Help of a ten Foot Rod only. 


Firfl, Make an Eye-draught as W W, and thereon ſet down the Length of 


every reſpective Side, contained in X, X; and then proceed to meaſure the Angles 
as following, viz. | | 


(1.) To meaſure the Angle x a e, imagine the Side X a, to be continued 10 Feet, 


ns from a to 6, alſo ſet 10 Feet from a to e, and meaſure the Diſtance þ c, which 
ſuppoſe to be 5 Feet. Place the Meaſures of this Angle on your Eye-draught ay 
atabc. (2.) To meaſure the Angle a e i, ſet 10 Feet on each Side the angular 
Point e, as to d and f, and meaſure the Line F d, which ſuppoſe to be 20 Feet, 


place theſe Meaſures on the Eye-drauglit, as at de . Proceed in like Manner to 


take the Meaſures of all the remaining Angles, at im pr cb, &c. 
To delineate this Plan from the-Eye-draught. ; 
Maxt Wa, equal to 21 Feet, the Length of X a, on @ in Fig. W, with a 
Radius equal to 10 Feet of your Scale, by which you delineate the Plan. De- 
ſeribe an Arch, as lc, make 6 c equal to 5 Feet, and through the Point c draw 


bc equal to 5 Feet, and through the Point c draw ae equal to 32 Feet, the 


Length of the Side ae. On the Point e with a Radius of 10 Feet deſcribe the 
Arch d f, and therein ſet 20 Feet from to fo Through the Point F draw the 
Line ei, equal to 23 Feet, the Length of the Side et. Proceed to deſcribe the 
remaining Angles and Sides, in the fame Manner, which will complete the Plan, 


as required. . 
: PR OBE. IX. Fig. AB. Plate LXXV. 
To make the Plan of a Serpentine River, | 
Fir, A gn flitionary Diitances, as Fedacb, and fix up Marks as aforeſaid. 
Make au E. (-draught of the whcle, meafure the flationary Diances, * ſet 
| cir 


r 


4 
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their Meaſures on their-reſpe&ive Places in the orig wr Draw a Line 
on your Table, to repreſent the Line a b, which by your Scale of equal Parts 


make equal to 3 Chains 20. Min. its meaſured Length; place your Table over 


the ſtationary Point a. Lay your Index to the Line @ & on your Table, and 
move the Table about until through the Sights you ſee the Mark at 4, and there 


fix your Table faſt, Fix a Pin in your Table on the Point a, apply your Index 


to the Pin, and direct the Sights, firſt to c, and then to d, drawing Lines on the 
Table towards the ſtationary Marks c and d, which by your Scale of Chains and 
Links make equal to their reſpective meaſured Lengths, wiz. c a, 6 Chains 20 
Links, anda d, 4 Chains 75 1 By Pros. I. hereof meaſure and delineate 
proper Off-ſets, and through their Extremes trace the Curvature of the River. 
2 our Table to the Station d, ſetting up a Mark again at a. Lay the Index 
on the Line, repreſenting the Line a 4 ; move the Table about until through the 
Sights you ſee the Mark at a, and make the Table fait : fix a Pin in the T 

at the Point d, apply the Index to the Pin, and directing the Sights to the Sta- 
tion e, draw the ck d e, which make equal to 8 Chains 36 Links, its meaſured 
Length. Then by PR © B. I. hereof, meaſure and delineate the Off- ſets to the 


Side of the River, which are here deſcribed by dotted Lines, and through their 


Extremes trace on the Curvature of the River. Remove your Table to the Sta- 
tion e, and repeating the ſame Kind of Operation as at d, you will complete the 
whole, as required. | | 

Note, When the Weather is dry, you may ſeal down a Sheet of Paper ſmooth 
on the Table, and make your Plans thereon ; but if the Weather be moiſt or wet 
the Paper will not do, and indeed not ſo well as the Table in dry Weather; becauſe 


Paper 18 always ſhrinkin q or ſwelling very ſenſibly, as the Temperature of the Air 


is more or leſs dry, which the Table does not in fo great a Degree. 


PROBLEM X. | 


To find the Drantities of Lands in Acres, Roods, and Poles, whoſe Dimenſions are 


| talen by Gunter's Chain. 
Rur, Place your Dimenſions, and multiply them to- | 


gether as in Decimal Multiplication, as in the Margin. 27 95 
; the Product cut off 5 Figures to the Right-hand ; the 39 57 
Remains to the Left, when any, are Acres. Multipl the 5 
Figures cut off by 4, the Roods in an Acre, and from 2" 804 "46 
its Product cut off five Figures to the Right as before; the 1396 0 
Remains to the Left, when any, are Roods. Multiply 25128 
the laſt 5 Figures cut off, by 40, the Rods in a Rood, and 8376 


from the Product cut off 5 Figures to the Right; the Re- Acres 110)47944 
mains, if any, to the Left are Poles. So in this Example the 


Product is 110 Acres, 1 Rood, and 36 Poles, which is thus "i 
written, A. R. P. | — 
110 1 36 5 Roods 1)91776 


f : | | 40 : 


Poles 36)7 1040 
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2, MarTTEn is an impenetrable, diviſible, and paſſive Subſtance, and therefore 
has Extenſion and Refiftance, which are the Properties of all Kinds of Bodies, and 
whoſe univerſal Principle is Gravity. | | 

3. Grariry is that Force. by which Bodies are carried, or tend, towards the 
Center of the Earth, and which 1s in Proportion to the Quantity of Matter they 
contain. Gravity is abſolute, accelerate or relative; Gravity - Abſolute, is the 
whole Force by which Bodies tend towards the Center of the Earth. Gravity 
Accelerate, is Force of Gravity confidered as growing greater as it approaches the 
attracting Point, as in Bodies falling. Gravity Relative, is the Exceſs of the 
Gravity in. any Body above the ſpecitck Gravity of a Fluid, as of Air or Water 


nin which it moves. 


4. Srrciricx Gravity is the e omg and peculiar Gravity or real Weight 


| which any Species of natural Bodies have, and which ariſes from the more or leſs 


Compactneſs of the Matter of which Bodies are compoſed. 

5. Morin is that Force by which a Body continually changes its Place, and 
therefore is a continual and ſucceſſive Mutation of Place. Motion is either Abſo- 
late or Relative, Abſolute Motion, is the Change of the Locus Abſolutus of any 


moving Body; and its Celerity will be meaſured by the Quantity of the abſolute 


Space which the moveable Body hath paſſed through. | 
6. Rexative Motion is a Mutation of the vulgar or common Place of the 


moving Body; and ſo hath its Celerity accounted or meaſured by the Quantity of 
relative Space which the moveable Body moves over. | 
7. CLN is the Swiftneſs of any Body in Motion; and that Force which is 


in Bodies moving, and whereby 2 move, is called their Momentum, 


which ariſes from their Weight or Quantity of Matter, and the Velocity of their 


Motion wherewith they move. | 
8. Tus Motion of all Bodies is naturally Recti- linear, and therefore the Velocity 
of a Body will be conſtantly the ſame, it 
or make Alteration in its Line of Direction. SY 
9. Tux Line of Direction is that Line wherein any Body or Power endeavours 
to move, that is to ſay, it is the Line of Motion that any Body goes in, according 
to the Force impreſſed upon it. And the Change of Places, or continual Paſſage 


of a Body along ſuch a Line, is called its Loca! Motion. 


10. VELocrTY is that Affection of Motion which is meaſured by comparing 
together the Quantity of Space which a Body hath paſſed through, and the Time 
in which it was paſſing that Space. Thus „ Velocity is that, whereby equal 
Space is paſſed over in equal Time. So if two 


Inſtant of Time, and both paſs the Length of one Mile in an Hour, He. their 


Velocities are then ſaid to be equal. Greater ene 4 is that whereby either a 


Ned over in the ſame Time (as when either of the aforeſaid 
iles in an Hour), or an equal Length in leſs Time (as when 


eater Length is pa 
odies travels two M 

the aforeſaid Body travelled one Mile in half an Hour), &c. | 
Hevwcs it follows, that if two Bodies are put in Motion at the ſame Time, and 

one travel a hundred Miles, whilſt the other travel but fifty Miles, that Body which 


travels one hundred Miles, moves with double the Velocity of the other ; the like 


is to be underſtobdd of Velocities trebled, quadrupled, Q. - 

11. As the natural Motion of falling Bodies ariſes from the Principle of their 
Gravity or Weight, and is found by Experience to be a Motion uniformly accele- 
rated; and being attended with the ſame Gravity or Weight, at every Degree of 
Velocity, it therefore comes to paſs, that the Spaces f which Bodies fall 

rpendicularly, are, as the Squares of the Times wherein they fall, accounting 
— the Beginning of the Fall. N 

As Fu Example, Fig. I. Plate LXXVI. 

Tus perpendicular Deſcent of Bodies is at the Rate of 15 Feet in the firſt 
Second of Time, and in every ſucceeding Second the Spaces are as the Squares 
of the-Scconds, vis. If a Body be 5 Seconds of Time in falling from a to 4 

N an 


no external Cauſe obſtruct the Motion, 


odies are 2 in Motion at the ſame 


4 
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and in the firſt Second it falls 15 Feet as from à to þ, at the End of the ſecond 
Second of its falling, it will * fell 4 times @ þ equal to 60 Feet, as to 4 
which is equal to 2 multiplied in 2, the Square of the Seconds or Times in falling. 
So in like Manner at the End of the third Second it will have fell g times 15 Feet, 
equal to 135 Feet, which is equal to 3 multiplied into 3, the Square of the Seconds, 
or Times in falling; and in the fourth Second, 16 times 1 5 Feet, equal to 204 
Feet, as to 16. Hence 'tis plain that the Increaſe of Motion in every Minute, 
Ec. is 2 to the Series of the uneven Numbers, viz. 1, 3, 5, 7, 9, 11, Sc. 
which are the Differences of the Squares, 1, 4, 9, 16; 25, Se. : | 

12. As the Motions of Bodies are accelerated in falling, their Forces are thereby 
increaſed in the ſame Proportion. And therefore if the Body a, in falling from æ 
to h, has a Force at þ equal to 1 Pound Weight, it will have a Force at 4, equal to 
4 Pounds Weight ; for as its Velocity from a to 4 is three 'Times as great as from 
a to 6, it will therefore have a Force three Times greater at 4 than when at , and 
ſo in like Manner in its falling to 16 its Force will be equal to 16 Pounds, and at 25 
to 25 Pounds, &c. Cee | 

13. AND it is alſo to be obſerved, that equal Bodies falling on inclined Planes 
whole lowelt Parts are in the ſame Level, have the ſame Force and Velocity at the 
End of their Falls, as when let fall perpendicular, but employ a longer Time in 
their Deſcents. So if the Body 6, Plate LXXVI. deſcend in the perpendicular 
Line 6 g, of in either of the oblique Lines þ f or 5 h, it will have the 2 Force at 

or B, as at g, but it will be longer in falling from þ to /, than from bto g, and longer 

m ò to h, than from 5 to /, c. | 

14. Ir a Body deſcend on an inclined Plane, as 46, Fig. C, it will by its acquired 
Velocity aſcend another Plane of equal Inclination, as 6 c, unto the ſame Height, 
allowing for the Reſiſtance of the Air, and Friction of the Plane. { 
15. Ir Bodies fall mm Les « d %, e % bf, a 5, &c. deſcribed in the 
Circle, Fig. B, they will from the Points in the Circumference abt d e, come 
to the Baſe / at the ſame Time. For as the Lengths of their Lines of Deſcent 
are to one another, ſo are their Velocities to each other. | $088 

16. Ir a Body, as b Fig. E, be throwy perpendicularly npward with any Force, 
the Velocity wherewith the Body aſcends, ll ward diminiſh, till at len : 
it be wholly taken away; and from that Inſtant of Time, the Body will deſcend 
in the ſame Line with ſuch an increaſing Velocity, as to fall from à to c, with the 
ſame Force and in the ſame Time as it was thrown up from c to a. The like 
is alſo in Bodies thrown up on inclined Planes; for if in Fig. C. the Body à be 
thrown from 5 to d, with a certain Force, and in a certain Time, it will by its 
own Weight return again to &, with the ſame Force and in the ſame Time as it 
aſcended. 3 | | 

17. Ir a Body deſcend in the Arch of a Circle, as c Fig. D, in the Arch d e, 
the 3 will always be anſwerable to the perpendicular Height 65 e, from 
which the Body fell ; but the Time of the Body's Deſcent will be greater from 
c to e, than from þ to e. £ 

18, Now from hence it follows that the Body a Fig. F. to deſcend the 
Arch Line à c, or the Chord Line @ c, will require more Time than were it 
to fall in the Perpendicular 6 c, but will in all the Deſcents have an equal Force 


at c. 
| LEECLIURKE L 
| Of the Laws of Nature. 


* is to be obſerved,” that all the Varieties of Motion of Bodies in general are 
conformable to the following 3 Laws. | | ; 34 
Aw I. ; 
All Bodies continue in their State of Reſt, or Motion, uniformly in a right Line, 
Salons hey are obliged to change that State, by Forces impreſſed ; and therefore it 


FiasT, 


whatever. 


Fixsr, If a Body be ee Por Reſt, and unfurniſhed with any Principle, 


whereby it could put itſelf into Motion, it will for ever continue in the ſame 
Place, till ated upon by an external Body. = 15 | 
SeconDLY, When a Body is put into Motion, it has no Power within itſelf to 
make any Change in the Direction of that Motion, and therefore muſt move for- 
ward in a right Line, as I have before obſerved, without declining any Way 
THrxvLY, All Bodies endeavour to remain in their State of Reſt or Motion, 
and therefore ſome actual Force is required to put Bodies out of a State of Reſt, 
into Motion, or to change the Motion which they before received. This Qualit 
in Bodies, whereby they ſo preſerve their preſent State of Motion or Ret, til 
ſome active Force diſturb them, is called the Yis Hertiæ of Matter. It is by this 
Property, that Matter unactive of itſelf retains all the Power impreſſed upon it, 
and will not ceaſe to act, until oppoſed by as great a Power as that which firſt 


moved it. : 

All Ch 8 Fo 

All Change of Motion is proportional to the Power of the moving Force impreſſed, and is 
— — eee, to the right Line in LA that Row ts I ed. 

Tuær is to ſay, firſt, If in one Minute of Time, two Bodies, as a c, Fig. G, 
move from à and B, towards f and d, with equal Velocities, ſo that when the 
Body a is arrived at i, the Body c, which moved from B, may act its full Force 
againſt the Body at à; then will the Line of Direction of the Body a, which was 
in the Line a d, be changed into the diagonal Line 5 e, of the geometrical Square 

b e d; and by the Action of the Body c, on the Body 6, the Velocity of the 
Body b will be ſo accelerated, as to paſs, in the ſecond Minute, through the Dia- 
gonal be, the Side of whoſe Square is equal to @ ö, the Space which the Body 6 
travelled through in the firſt Minute. Again, if at the E. 

nute, when the Body þ is arrived at e, another Body ſtrike againſt it at g, with. 
the ſame Velocity as 5 then has, then will the Line of Direction of the Body b, 
in the ſecond Minute, which is 54, the Diagonal continued, be changed into the 
Diagonal en, of the Square n i& e; and by the Force of this ſecond Body, the 
Velocity of the Body at e will be ſo accelerated, as to paſs, in the third Minute, 
through the Diagonal n e, the Sides of whoſe Square is equal to the Space which 
the Body b dae through in the ſecond Minute. If at the End of the third 
Minute, when the Body 5 is arrived at the Point n, it. be again acted upon by a 
third Body at n, with the ſame Velocity as the Body at = then has, then will the 
Line of Direction of the Body at n, in the third Minute, which is the Diagonal 
e n, continued to p, be changed into the diagonal Line n r, of the Square r fn. 
and by the Force received from this third Body, the Velocity of the Body at n 
will be ſo accelerated, as to paſs, in the fourth Minute, through the Diagonal = r, 
the Sides of whoſe-Sztte © equal to the Space which the Body travelled through 
in the third Minute. And if at the End of the fourth Minute, when the Body is 
arrived at , it be again acted upon by a fourth Body, as s, whoſe Velocity is 
equal to that which the Body 65 then hath, the Line of Direction of the Body at 
„ which then is the Diagonal u 1 continued to x, will be changed into the 
diagonal Line r v, Which is directly retrograde, or contrary to its firſt Line of 
Direction from a to ; and by this laſt additional Force, the Velocity of the Body 
at v will be ſo accelerated, as to paſs through the Diagonal r v, of the- Square 
x or, in the fifth Minute. In this Manner, by the continual Actions of Bodies, 
whoſe Velocities are alike increaſed, at the End of every Minute, the Velocity of 
a Body may be ſo increaſed, as to travel ten thouſand Millions of Millions of 
Millions of Miles in a Minute, | . 

Sr conDLY, That the Change of Direction is always portional to the Force 
impreſſed, is evident by all the preceding Lines of Diredtion of the Body 6, for 


the diagonal Line 5 e is the ſame to the Line 5 d, as it is to the Line f b. That 


is, the Angles F b e, and e b d, are equal, and conſequently the Diagonal - 5 
| 4. whi 


nd of the ſecond Mi- 


. ane 4. 4. 8 8 


— 
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which is the ſecond Line of Direction of the Body 5, is perpendicular to the Angle 
F b d, and therefore is proportional to the Force impreſſed at 6. 

Tap like is to be 2. eee of the Diagonal n e, which is perpendicular to 
the Angle ie +; alſo of the Diagonal in, which is perpendicular to the Angle 
on p; and of the Diagonal r v, which is a Perpendicular to the Angle f r x, 

e. ; 

THar the Increafe or Diminution of Motion, or the Velocity with which any 
Body is moved by the Action of a Power upon it, is proportional to that Power, 
is evident; for if I apply a certain Power to a Body, that will make it move with 
ſuch Velocity, as to paſs in one Minute 500 Yards; to make two ſuch Bodies 
paſs 500 Yards in one Minute, will require a Power double to the former, becauſe 
there is double the Quantity of Matter to be removed in the ſame Time. And, 
on the other Hand, it this double. Force be applied to either one of the aforeſaid 
Bodies, which are ſuppoſed to be equal, its Velocity will be doubled, and conſe» 
quently it will travel a thouſand Yards in one Minute, Hence tis plain, that the 
D ree of Motion, into which any ouch, put out of a State of Reſt by any Force 
or Power, will be proportional to that Power; that is, a. double Power will give 
twice the Velocity, a treble Power three times the Velocity, a quadruple Power 
four times the Velocity, Oc. 1 * | 

Law IIL 


Repulſe, or Re- action, it always equal, and in contrary Direction to Impulſe or Action; 
: bo 2.75. Action of two Bodies upon each other are always — in contrary 
Diredbionr. | pl 18 | | = 
Wuxx any Body acts upon another, the Action of that Body upon the other 
is equalled hy the contrary Re · action of that other Body upon the firſt, and are 
both contrary in their Directiong. The Re-action of Bodies is cauſed by their 
Elaſticity, which all Bodies in Nature have in ſome Degree or other, though none 
are perfectly elaſtic... If the Body a, Fig. C, Plate LXXVI. deſcend obliquely 
to 5, and ſtrike the horizontal Line at J it will by its Elaſticity rebound up 
towards c ; and the Angle fb c, which is called the Angle of Reflection, will be 
equal to the Angle d e, the Angle of Incidents. The Elaſticity of a Body is 
a Springineſs of its Parts, in the Recovery of its Form, immediately after its 
Form has been altered by another Body acting againſt it; as in Wool, when its 
Figure, after being preſſed down, is changed, it will, when the Preſſure is taken 
away, ſpring up to its natural State as before; ſo likewiſe a Bladder, blown full 
of Air, e reſſed on any Part, its Form is changed, but the very Inſtant 
of Time that the Preſſure is removed, it will, by the Spring of Air within, re- 
cover its former Figure; and every Force ſo applied has at the ſame Time 
an equal ſpringin - acting againſt it, which is the Re- action of the Body. 
So an Hoop of Iron or Wood, truly circular, as 6 g, Fig. I, by being ſtruck 
on, or let fall on the Ground, will at the Inſtant of the Stroke, or Fall, be 
changed into an Ellipſis, as c / e g; but by its Elaſticity, or ſpringineſs of Parts, 
it will recover itſelf into a Circle again. The Action and Roadtion of Bodies 
on Water is very eaſily underſtood ; for if b and c, Fig. H, repreſent two Boats 
of equal Magnitude and Weight, floating on a ſtagnant Water, and a Man ſtand- 
ing in b, by Means of a Rope, pull the Boat c unto him, the Veſſel c will re- 
& and at the ſame Time pull the Veſlel & towards it, with the ſame Force, 
7 that both Veſſels will meet at a, which is the Middle between both. Now 
tis very plain, that if the Veſſel c did not re- act the ſame Force on the Perſon 
in the Veſſel 5 as the Force of the Perſon in 5 acts on c, they would not meet 
at a4. 8 1 : ; ; | 
Now, fince by this tie plain that Action and Re- action are equal, therefore a 
Body at Reſt cannot be removed by any Force that is leſs than its Weight; and 
as I have, in the falling of Bodies, demonſtrated the Increaſe of Force, it is 
therefore to be underſtood, that all Manner of Force, given by Preſſure, Blows, 
Liftings, Pullings, Drawings, Sc. is equal to ſome certain Weight. For if I 
put a Pound Weight into a Scale, Fs my Hand preſs down the other, ſo 


Jn 


* 


— 


o 
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as juſt to balance the Weight, the Force of my Preſſure is then equal to a Pound; 
and ſo in the like Manner Fares continue to increaſe that Force on the one Side, 
againſt Weight in the other, until I preſs the whole Weight of my Body on the 
Scale: and which being the greateſt Force of this Kind that I can make, therefore 
no Man, with a ſingle Pulley, can raiſe any Weight greater than that of his own 
Body, unleſs his Body 1s confined to the „ 8855 
Acaix, If with a Hammer I ſtrike a blow in an empty Scale, ſo as juſt to raiſe 
a Pound Weight in the other Scale, the Force of that Blow may be ſaid to be 
equal to one Pound although in reality tis ſomething more, otherwiſe it could -_. 
not juſt raiſe the Weight above the Level of the Scales. | 
In this Manner, the Force of Blows may be made equal to any given Weights ; 
and by this Method of ſtriking into an empty Scale, againſt Weight increaſed or 
diminiſhed, as Occaſion may require, the Force of any Blow may be nearly and 
eaſily diſcovered ; and ſince that Bodies at reſt cannot be removed, or put into 
Action, but by Means of Forces or Powers ſuperior to their Weights, therefore 
to remove heavy Bodies there has been an abſolute Neceſſity of inventing divers 
Kinds of Powers, which with the Strength of a few Men will raiſe and remove 
Bodies of very great Weights at Pleaſure. | 218 22 


LECT. III. 5 
Of the Mechanical Powers in general. 


H E Powers uſed for theſe Purpoſes are uſually reckoned in Number ſix, 
viz. Firſt, Libra, the Balance. Secondly, Ye&is, the Lever, or Leaver. 
Thirdly, Trochlea, the Pulley. Fourthly, Axis in Peritrochio, or the Axis in the 
Wheel, and in the Wind-lace. Fifthly, Cuneus, the Wedge. And, ſixthly, Cochlea, 
the Screw. But, as I proceed, I ſhall prove the Balance, the Pulley, and the Axis 
in Peritrochio, to be no other than Leavers, and the Screw to be no more than a 
Wedge, fixed about the Body of a Cylinder: therefore the fix Powers are reduci- 
ble unto three. „ N | 
Arx the Effects of theſe Powers mu be judged of by this - 
ULE. 9 
When two Weights are applied to any of theſe Powers, the Weights will equiponderate, 
"4 way put into Motion their V. 2 i reciprocally proportional to het reſpecti ve 
eig hit. 2 55 i e f 
Fixs r, Reciprocal Proportion is, when in four Numbers the fourth is lefſer than 
the ſecond, by ſo much as the third is greater than the firſt, and vice ver/a, Jy 
Tus whole Effe& of theſe Powers, to raiſe or ſuſtain great Weights with a 
ſmall Power, is prodnced by a Diminution of the Velocity of the Weight to be 
raiſed, and-increafing that of the Power, in a reciprocal Proportion of the two 
Weights and their V elocities ; that is, by ving as much more Velocity to the 
Power, as it weighs leſs than the Weight, that the Quantity of Matter fixed at 
each End of a Leaver or other Power, being multiplied by its Velocity, may 
ſhew that there is an equal Quantity of Motion at each End; and therefore it will 
BW, that, when equal Motions act with contrary Directions, they cauſe an 
uilibrium. | DOI SI cha 
2 An Equilibrium is, when the two Ends of a Balance hang ſo ex- 
actly level, that neither doth aſcend or deſcend, but both keep in a Poſition pa- 
rallel to the Horizon; which is cauſed by their being both charged with equal 
Weight, as the Bodies & e, hanging at the Ends of the Balance à b, in Fig. M. 
In every Body there are properly three Kinds of Centers, viz. its Center of 
Magnitude, its Center of Motion, and its Center of Gravity. | 
is r, The Center of Magnitude of any Body is that Point which is equally 
diſtant from its extreme Parts, as the central Point a of the Sphere, Fig. L, Ce. 
Secondly, the Center of Motion of any Body is a Point about which any Body 
moves, when faſtened any ways to it, or made to revolve or turn about it. So 


the Body e, in Fig. N, being faſtened with a String to the Point a, and made 


— — 


Body e. : | | 
' In the following Lectures on the Balance, Leaver, and Axis in Peritrochio, 
the Center of their Motion is called Fulcrum. Thirdly, the Center of Gravity of 
any Body is that Point on which, if the Body be ſupported or ſuſpended from it, 
the Body will reſt in any given Situation. | . 
Ix all regular Bodies, whoſe Matter is equally the ſame throughout, the Cen- 
ters of Magnitude and Gravity are in the ſame Points, but in irregular Bodies 
not ſo; and therefore in irregular Bodies the Center of Gravity will deſcend, till 
it gets under the Center of Motion, unleſs it be perpendicularly over it; and from 
hence we are taught a Method of finding the Center of Gravity of any irregular 
Body, as follows, viz. Suſpend or hang up ſuch a Body — by different 
Sides, and with a Plumb-Line, let fall from the Center of Suſpenſion, ſo as to 
touch the Body in each Caſe. Obſerve. where thoſe Plumb-Lines would interſe& 
each other, being continued through the Body, and their Point of Interſection is 
the center of Gravity required. | | | . 
To find the Center of Gravity common to two or more Bodies, connected together by an 
inflexible Rod, or Rods, Fig. V and Z, Plate LXXVI. 
Fiasr, Let the Bodies ae, Fig. V, connected together by the inflexible Rod 
a c of any known 2 be given. Divide ac in 6 ſo that a b is to be, 
as y Body c is to the Body az then the Point 5 is the Center of Gravity re- 
quired. | ; 
SEconDLY, Letb dg, Fig. Z, be three Bodies, whoſe reſpective Centers of 
Gravity are joined by the Lines b d, ö g, and dg. The Line 5 d, being ſo 
divided in c, that 6 c bears the ſame Proportion to bs. as the Body d bears to the 
Body 6, c is the Center of Gravity common to thoſe Bodies, as before in Fig. V. 
Draw the Line £ g, which divide in /; ſo that c / ſhall be to f g, as the Weight 
of the two Bodies band d are to the Body g ; then the Point f will be the Center 


of 3 common to the three Bodies 6, a, g; and they being ſuſpended at that 


hang in a horizontal Poſition. 
To find the Center of Gravity of a Hemiſphere, Fig. L. 
Maxx 6 c equal to 8 of its Radius; then the Point e is the Center of G-avity 


uired, | 
Lux Center of Gravity in Geometrical Squares, Parallelo 


Point, w 


3s, Rhombus's, 


and Rhomboides, is the Point in each Figure where the two Diagonals interſe& 


each other. | ; 5 | 

+ ALL the Parts of Homogeneous Bodies have an equal Preſſure about their Cen- 
ters of Gravity; and therefore when the Center of Gravity of any Body cannot 
deſcend, the Body will remain fixed. This is manifeſt by the Geometrical Square 
a h df, Fig. A B, whoſe Center of Gravity is the Point c, and which cannot de- 
ſcend, at, | the Diagonal a /, raiſed on the Angle /, has paſſed the Perpendicular 
i J, which will carry c, the Center of Gravity, with it beyond g, the ; OT 
cular of its Baſe, when it will conſequently deſcend. The ſame is alſo to be 
obſerved of the Rhombus f /n, whoſe Center of Gravity is ꝙ. and which mult be 
removed in the Arch 9 p, beyond o, the perpendicular Limit of its Baſe / n, 
before it can deſcend ; but the Rhomboides & Y 1 <v, whoſe Center of Gravity z, 


being without v ww, the perpendicular Limit of its Baſe 1 v; its Center z will 


deſcend in the Arch æ 2, and conſequently the Fig. z y 1 wv cannot ſtand on the 
Baſe 1 w. From hence tis plain, firit, That all Bodies, whoſe Centers of Gravity 
are within the perpendicular Limits of their Baſe, cannot fall. Secondly, That 
all Bodies, whoſe Centers of Grayity are beyond the perpendicular Limits of 
their Baſe, cannot ſtand. Thirdly, That the leſſer the Bate of any Body 1s, the 


eaſier it will be moved out of its Poſition ; becauſe the leaſt Change is capable of 


removing the Line of Direction beyond its Baſe. This is the Cauſe why a Ball, 
whoſe Baſe is à Point, and a Cylinder, whoſe Baſe is a Line, ar: rolled eaſily by 
a ſmall Force on a horizontal Plane. „ 
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to turn about it in the Circle c ö d, the Point a i the Center of Motion to the 
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Is the following Lectures it is to be obſerved, | 
FixsT, That when a Power applied can ſuſtain a Weight by the Means of a 
Balance, Leaver, Pulley, Cc. if an Addition of Power, though it be as little as 
can be imagined, be made, it will overpoiſe or raiſe the Weight. | cont oa 
SEconDLY, That the Weight of Leavers, Pulleys, c. and their Friction, are 
not ſuppoſed to be any Thing, although Rules will be given to find both. | 
— THIxDLy, that a Leaver is conſidered as a right Line; and the Pin on which a 


Pulley mores, the ſame. 


6. 1nd Þ „By Power applied is meant a Force, as that of Weight, Water, 
ind, Oe. ef | : 
Firrurv, That whatever any of theſe Powers gain in Strength, they loſe in 


LECTURE IV. 
Of the Balance, 


1 HERE are three Kinds of Balance, vis. The common Balance, as uſed 


| to common Scales; the Statera Romana, Roman Balance, or Steel-yard ; 


and the Falſe Balance. | 
Fixsr, The common Balance is no other than a Beam divided into two equal 


Parts, as b % at c, Fig. O (and by the enſuing Lecture will appear to be a 


| Leaver of the firſt Kind), which iaſtead of reſting on its Fulcrum at c, the Center 


of * is there ſuſpended. The two half Parts 5 c, and /, are called 
Brachias, | | 
To have the Balance horizontal, the Center of Motion muſt be ſomething above 
the Center of its Gravity z for were they to be both in one Point, which they 
would be, was the Beam to be a right Line, as a e, then thoſe Weights which 
equiponderated when the Beam hung horizontally, would alſo equiponderate in 
any other Poſition; whereas, when the Center of Motion is placed a little above 
that of Gravity, as aforeſaid, if the Beam be inclined either way, the Weight 
anolt elevated will ſurmount the other, and deſcend, cauſing the Beam to ſwing, 


until by Degrees it recovers its horizontal Poſition. 


Tax Reaſon is very plain. Suppoſe a i, Fig. P, be the Beam of a Balance 
put into an oblique Poſition, and the Perpendiculars ac, and i g, be drawn from 
its Extremes a and i, to the horizontal Line c, 'tis evident that ce, the Diſtance 


of the Perpendicular a c, is greater than e g, the Diſtance of the Perpendicular g 7 ; 


and as the Weight m is equal to the Weight o, the Weight m will therefore raiſe 
up the Weight o. But was the Balance a right Line, as 6 &, having its Center of 
Motion and of Gravity both in the Point e, then the Dittances d e, and eh, of the 
Perpendiculars & d and h I, would be equal, and the equal Weights / and n would 


equiponderate in that oblique Poſition; which the Beam ae i cannot do, becaufe 


the Center of its Motion is above the Center of its Gravity, which cauſes the upper 


Point a to be the Diftance of c d, without the Perpendicular à d; and the lower 


Point i to be the Diſtance of g h, within the Perpendicular 5 K, and therefore ce 
is longer than e 2 by twice c d. | 

Tus Proportion that the Power has to the Weight in the common Balance, is 
as 1, the Length of one Brachia, is to 1, the Length of the other Brachia; ſo is 
the Power applied, to the Weight required to equipoile it. = 

II. Thx Statera Romana, or Roman Balance, commonly called the Steel-yard, 
Fig. R and Q, Plate LXXVI. | 

Tuts Sort of Balance is called the Reman Balance, from its being uſed in 
common at Rome; and it being originally made about 3 Feet in Length, and of 
Sree], "twas therefore called a Steel-yard, and is thus made: Prepare a fmall ſquare 
Bar of Iron or Steel, as 12 a, F. R, of any Length, and of equal Thickneſs, 
and jet the Point @ be the Center of Motion. Make the flat End 6 c of ſuch 
Suldity, as to balance the Part 12 43. At any Diſtznce from a fix a Point, as r, 
en Which the fcreral Things to be weighed are to be ſuſpended. | 


= 


Note, 
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Note, The Pointe is here fixed below the firaight Line 12 b, for the ſame Reaſon 
47 in the common Balance. 5 | in N 
Draw c b 113 to the Line 125; make the Diviſions, a1; 1, 2 
2, 33 3» 4; Ce. each equal to a 3. Then 1 Pound Weight, applied at 1, will 
equipoiſe 1 Pound at c; alſo 1 Pound Weight at 2, will equipoiſe 2 Pounds at 
c ; alſo 1 Pound Weight at 3, will equipoiſe 3 Pounds at c; and 1 Pound at 1a, 
will equipoiſe 12 Pounds at c, Oc. For as a , equal to one Part, is to @ 12, 12 
Parts; ſo is 1 Pound Weight at 12, to 12 Pounds (as the Body /), at c; and 
therefore the Point à is the common Center of Gravity of the two Weights, be- 
cauſe 13, the Sum of the two _— is to I, the leaſt Weight, as the Length 
; 2 ons Balance is to one Patt, the Diſtance of the great Weight from the Center 
of Gravity. : 
yr gr, the common Center of Gravity of two Bodies applied to a Beam of a known 
Feight and Length, which is not balanced, as Fig. R was ſuppoſed to be, by the 
more ſolid Part be. | | 
LET dB, Fig. * divided into 13 Parts; let the Body x be 1 Pound, and 
the Body & 12 Pounds; and let the Point @ be their common Center of Gravity, 
and the Weight of the Beam equal to 3 Pounds. On a, the common Center of 
Gravity, hang the Weight /, equal to the Weights x and 4 ; and at 4, the Center 
of Gravity of the Beam, hang the Weight g, equal to 3 Pounds, the Weight 
ef the Beam. Then as the Sum of the Wei its g and J, 16 Pounds, is to 3, the 
 lefler Weight g; ſo is the Diſtance 5 a, of thoſe two new Weights, 5 i, to 1 1 
the Diſtance of a from the true Center of Gravity required. 
III. A falſe Balance, as Fig. 8, has its Beam unequally divided, as c e, and e d,. 
which are to one another as 9 is to 10, c. and its Scales being alſo in the ſame 
Proportion, they will therefore equiponderate as the juſt Balance; and whatever 
is weighed in the Scale hanging on c, will be 2g leſs Weight than it really ought 
to be; but this Cheat is immediately diſcovered by changing the Scales. 


LECTURE v. 


— 


Of the Lever, commonly called the Leaver. 


HERE are three Sorts of Leavers, which are diſtinguiſhed by the different 
1 Manners of applying the Power and Weight. | 
A. Leaver of the firſt Kind is that, whoſe Fulcrum is between the Power ap- 
plied, and the Weight that is to be raiſed, as Fig. A Q, Plate LXXVI. where 
the Power is applied at d, the Weight at e, and the Fulcrum at a. Hence ?tis 
lain, that the common Balance Fig. O, the falſe Balance Fig. S, and the Roman 
Saks Fig. R, are all Leavers of the firſt Kind, becauſe their Centers of Motion, 
as Fulcrums, are between their Powers and Weights. | 
To know what Weight can be raiſed by a Leaver of the firſt Kind, this is the 
Analogy . 
| pg leer Brachia à © is to the greater Brachia d a, ſo is the Power applied at d 
to the Weight it will equipoiſe at c. Therefote a little more being added to the 
Power at 6, will raiſe the Weight required. þ N 8 
Tur Length of a Brachia is the Diſtance of a Power, or of a Weight, from a 
Fulcrum, and is always equal to a Perpendicular let fall from the Fulcrum, upon 
the Line of Direction of the Power or Weight. 80 b i, Fig. AN, is the Diſtance 
of the Power at d, becauſe tis „ to the Line of Direction db, of the 
Power at 4; in like Manner the Line i e, which is perpendicular to e 5, the Line 
of Direction of the Power e, is the Diſtance of the Power at e; as alſo is a i the 
Diſtance of the Power at c. Hence 'tis plain, that the greateſt Power is that at 
d, whoſe Line of Direction is right- angled with the Leaver6 A, and which is yet 
more evidently ſo by the Power applied at g, whoſe Diſtance from the Fulcrum is 
no more than hz, equal to the 8 1. The like is alſo to be under- 
ſtood of bended Leavers, as Fig. A F, A E, A G, and A L. , 
; T 


as in the following Problems doth appear. 
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Ir matters not whether the Brachias of a Leaver be ſtraight or curved, as Fig. 


| A M, and A I; for in both theſe Caſes the Diſtances of the Powers and of the 


Weights from their Fulcrums are the Chord Lines of the Arches, and not the 
Arches themſelves. The nearer the Weight is to, and the farther the Power is 


from, the Fulcrum, the leſs will be the Power, and the leſs will be the Height 
that the Weight can be raiſed ; for if the Body #, in Fig. W, be removed nearer 


to the Fulcrum from op unto = m, it will not require ſo great a Power at « to 


raiſe it, as when at o p, nor can it be raifed ſo high as when at op; for if two 


equal Bodies be placed at n-m and o p, and 2, the End of the Leavers p, be forced 
down to , the Body o þ will be raiſed to à 9, and the Body n m but to c 3. 
Wurx a Body is on the End of a Leaver, as the Body u / c, Fig. A K, 


ſo as to have its Center of Gravity above the Leaver, and is equipoiſed by a Power 


at v, whoſe Line of Direction is perpendicular to the Leaver / v; that Power 
will be increaſed as the Body is raiſed, as top a, and decreaſed as the ſaid Body 
is let lower to /g for, in the firſt, the Center of Gravity of the Body at p is 
brought nearer to the Fulcrum ; and in the laſt, at 4, it is farther. When a Body, 
fixed to the End of a Leaver, has its Center of Gravity below the Leaver, as the 
Body 8, 11, 10, 12, Fig. A H, to raiſe the Body as to 7, 5, the Power muſt be 
increaſed ; but to let the Body down as to 16, 14, the Power muſt be decreaſed ; 
for *tis evident that 13, 14, the central Line of the Body at 16 14, is nearer to the 
Fulcrum than 3, 1, the central Line of the Body at 7, 5, and conſequently will 
be equipoiſed at þ by a leſſer Power, as c, than that of g, required at f. | 
TxEsE being underſtood, the Nature of Leavers in general will be made eaſy, 


* 


PROBLEM I. ah gs 
”= 1, vt ar Weight of a Beam, which has a Body of known Weight fixed to one 
the Beam ſball equipoiſe the other Part, and the given Body alſo. 8 
RuLe, As the Sum of the 1 of the — and of the Body is to the 
Length of the Balance, ſo is the Weight of the Body to the leſſer Brachia; o 
ſo is the Weight of the Balance only, to the greater Brachia. 
Pros. II. E T. Plate LXXV. 1 
Two Bodies, at e g, of known Weights, of which g is hung at b, to the End of 
Beam of known Weight and Length, wherein the Fulcrum is fixed at a, to find @ 
Point as e, to hang the Weight e, ſo that the Weight e, and the Weight of the Balance, 
all eguipoiſe the Weight g. CE + 
LerT the Length of +46, "0 be 14 Inches, its Weight 2 Ounces, and the 
Fulcrum à one Inch from 5; let the Body g be 15 Ounces, and the Body e r 
Ounce; divide the Beam in the Middle at d, and there hang the Body /, equal to 


2 Ounces, the Weight of the Beam. Then as à 6, one Inch, the leſſer Brachia, 
is to a d, ſix Inches, the greater Brachia ; ſo is the lefſer Body /, 2 Ounces, * 


to 12 Ounces, which is a Part of the Body g, whoſe Weight is 15 Ounces, which 
is 3 Ounces more than the 12 aforeſaid. To find the Point c where the Body 
e, equal to 1 Ounce, will equipoiſe the aforeſaid 3 Ounces: Say, as the Body 
e, 1 Ounce, is to 3, the remaining Ounces in the Body g; ſo is 1, the leſſer 
Brachia 3 a, to 3, the Diſtance of the Point c from the Fulcrum a. Then the 
Body F, equal to 2 Ounces, is to 12 Ounces in the Body g, as the Body e, equal 
to 1 Ounce, is to the 3 Ounces in g; and therefore the Bodies / and e, being fixed 
at d and c, will equipoiſe the Body g on the Fulcrum a. 

A Leaver of the ſecond Kind is that, whoſe Fulcrum is at one End, the Power 
at the other, and hath the Weight between them, as Fig. X, Plate LXX VI. where 
ar is the Leaver, a its Fulcrum, r the Place where the Power is to be applied, and 


m n and o p, Weights placed between them to be raiſed, 


To know what Weight can be raiſed by a Leaver of the fecond Kind, this ts the 


Analogy : 


As the Diſtance © the Weight from the Fulcrum is to the Diſtance of the Power | 
rom ihe Fulcrum, Z is the Power to the Weight that will equipoiſe it, 


given, to find the Center of Gravity on the Beam, on which one Part of 
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| Hence 'tis plain, that if a Leaver, as d 4, Fig. A O, be divided into four equal 
Parts at e f i, it the Body e be applied as a Power equal to 1 Pound, it will require 

2 Pounds to equipoiſe it in the Middle at 5, becauſe 1 Pound will. be pg wars. 
by the Fulcrum at J. And for the ſame Reaſon the Body at / muſt be 1 


and 4, and that Ne „ | , 
A Leaver of the'third Kind hath its Fulcrum at one of its Ends, the Weight 
.at the other, and the Power applied in ſome Part between them, as in Fig. A P 
| where ne is a Leaver whoſe Filram is at e, its Weight at a, and Power appli 
between them as at # þ g, the equal divided Parts, as in Fig. A O. : 7 
To know what Weight can be raiſed by a Leaver. of the third Kind, this is the 
1 WY" | | 
LE Ar the Length of the Leaver is to the Diſtance of the Power from the Fulcrum, ſo 
is the Power applied to the Weight it will equipoiſe. 6 
Now as the Power is applied between the Fulcrum and the Weight, therefore 
the Power muſt always be ſuperior to the Weight; for if the Body m be equal to 
1 Pound, it will require a Power equal to 2 Pounds at &; of 1 Pound and 3 at 4, 
and of 4 Pounds at g, to equipoiſe it. 5 | | 
To. theſe three Kinds of Te ſome add what they call a Leaver of the fourth 
Kind, as Fig. A L, which in Fact is no more how a Leaver of the firſt Kind, as 
having its Fulcrum c between the two Brachias 6 c and e d. 2 


"LECTURE VL 
0f the Pulley. 


AN upper Pulley adds nothing to the Power; for in Fig, A, Plate LXXVIL 
to ſuſtain the Body / at c, there muſt be a Power applied by e at a, which 


Center is the Fultrum : and as both the Brachias a 4 and 4 
an upper Pulley is of no other Uſe, than to communicate the Moti 
to an under Pulley. Fu | 3 
A under , as Fir. I, doubles its Force; for if the ] weighs 2 
Pounds, tis plain that the er applied at d can ſuſtain but half Weight, 
becauſe the Line on the Hook a ſuſtains the like Quantity. Now if the Dia- 
meter 4 d be truly conſidered, it will appear to be a Leaver of the ſecond Kind; 
for as the Pulley is always riſing on the Line at J, therefore the Point b is the 
Fulcrum; and as the Line is always lifting at d, therefore that End of the Dia- 
meter is to be conſidered as the Power; and as the Center of the Pulley is in 
midſt between theſe Points on which the Weight hangs, therefore a Power equa 
to 1 Pound at d, will equipoiſe a Weight of 2 Pounds at c. For as 5 0 1, the 
Diſtance of the bay 4 m the Fulcrum, is to 3 d 2, the Diſtance of the 
ower; ſo is 1, the Power applied, to 2, the Weight it will equipoiſe. And in 
all Tackles of under Pulleys, the Power will be to the Weight it ſuſtains, as 1 is 
to the Number of Ropes applied to the lower Pulleys ; ſo in Fig. B, the Power at 
li is to the Weight, as 1 is to 23 in Fig. C, as t is to 33 in Fig. D, as 1 is to 43 
in Fig. E, us 1 is to 51 and in Fig. F, as 1 is to 66. 1 
| Wm may be ſuſtained by Pulleys, with a ſmall Power, the Pulleys being 
applied as in Fjg. G, where the Body /, equal to 1 Pound, will equipoiſe the 
Body 2, equa} to 8 Pounds. For as 1 Pound Tous at m, by — of the 
upper Pully i 4, will equipoiſe 2 Pounds at e, ſo 2 Pounds applied at p will 
uipoiſe 4 Pounds at e, and 4 Pounds applied at r will equipoiſe 8 Pounds at a, 
&:. For as1atmisto2ate,fois 2atpto 4 at c, and 4 at r to 8 at a. 
A WEt6HT may be alſo ſuſtained by Pulleys with a bal Power, the Pulleys 
heing applied as in Fig. M; for if the Power aß m be equal to 1 Pound, rar 
55 N 9 ; | again 
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ünſt it be hung the Body /, equal to 1 Pound, they will together equipoiſe 
3 g. equal to 2 Pounds; and the Body g, * — 1, and Bady 7 
equal to 1, which together are equal to 4 Pounds, will equipoiſe the Body 4, 
equal to 4 Pounds, Ge. In Fig. H, the Power at i, equal to 1 Pound, equi- 
poiſes 1 Pound of the Body 4, which together, by Means of the Pulley « 
equipoiſes 2 Pounds more of the Body ; and theſe together being equal to 

Pounds, by Means of the upper Pulley 6 d, equipoiſe 4 Pounds more in the 
Body 45 ſo that, in this Example, the Power at i equipoiſes ſeven Times its own - 
Weight. | | a 0 
ern 


Of the Axis in Peritrochio, commonly called the Wheel and Avis. 


HIS Inſtrument is no other than a Wheel fixed on a Cylinder, as i on 
| a b, Fig. W, Plate LXXVII. The central Line a b of the Cylinder is 
called the Axis, and the Wheel 4+ i is called the Peritrochio. | 

Ir 3 d, and ef, be fixed on an Axis as ah, directly oppoſite and parallel, and 
conſidered as the two Brachias of a Leaver, then the Axis a 5, on which th 
are fixed, will be the Fulcrum ; and if ö d be conſidered as the Radius of a Wheel, | 
as dc, Fig. W; and ef, Fig. T, the Radius of a Cylinder, on which the Wheel is 
fixed, as e /, Fig. W; tis plain that this Machine is a Leaver of the firſt Kind: 
and therefore, as e f, the Radius of the Cylinder, Fig. W, is to d c, the Radins of 
the Wheel ; fo is the Power to the Weight : and when Spokes or Teeth are fixed in 
Wheels, then, as the Diſtance of the Extremes of thoſe on the Pinion, or ee Wheel, 


from the Axis, is to the Diſtance of the Extremes of thoſe on the greater Wheel, ſo is the 


er to the Weight. | | 

„By the Multiplication of Wheels, very great * may be raiſed; an Ex- 
ample of which f have given in Fig. K, where the Body 9, equal to one Pound, 
equipoiſes the Body r, equal to 105 Pounds. By Means of the four Wheels n fo c, 
on whoſe Cylinders, are fixed the ſmall Wheels geh, whoſe Teeth work in the 


Circumferenet i the large Wheels, the Radius of every ſmall Wheel on the 


N Cylinders is 1 Foot. The Radius of the great Wheels are as follows, viz, The 


Radius of the Wheel c is 2 Feet and half; of the Wheel o, 3 Feet; of the Wheel 
m, 3 Feet and half; and of the Wheel a, 4 Feet. Now the Power g to the Weight 
r is thus calculated: Firſt, As 1, the Radius of the ſmall Wheel b, is to 2 and half, 
the Radius of the great Wheelc ; ſo is 1, the Power q, to 2 and half, the Weight that 


it «vill eguipoiſe at o. Secondly, A. 1, the Radius of the ſmall Wheel e, is to 3, t 


Radius of the great Whiel o; ſo is 2 1, the Power applied at o by the ſmall Wheel b, 
& 7 T, the Weight that will equipoiſe at g. ' Thirdly, As 1, the Radius of the ſmall 
Wheel g, is to 3 and +, the Radius of the great Wheel m ; ſo is 7 and 2, the Power 
applied at g by the ſmall Wheel e, to 26 and 4, the Weight that will equipoiſe at n. 
euschiy. As 1, the Radius of the Cylinder p, is to 4, the Radius of the great Wheel 
n, /o is 26 and 4, the Poxwer applied at n by the ſmall Wheel g, to los, the Weight r, 
that vill but equipoiſe the Body q equal to 1 Pound,  ' © * | 

Tux Application of a Power to a Wheel is always the greateſt when applied 
at right Angles to its Radius, as the Power g #0 Fig. L, Plate LXXVII. Which . 
is perpendicular to the Radius 4 and at the Diſtance of e / from the Fulcrum c; 
therefore when a Power is applied obliquely, as 6 d to the Radius c d, the Power ig 
leſſened in Proportion, as fc is to ec. La) & 7 | Y 

LECTURE VIII. 
| Of the Wedge or inclined Plane. | 

; WEDGE is the moſt plain and ſimple Inſtrument of all the mechanical 
A Powers, and is put into Action by the ting or ſtriking of another Body 


* 


vpon it, which is called Percuſſion, 


ES o : 


Tat Center of Percuſſion is a Point on the top Surface of a Wedge, which is 
directly againſt the Center of the Body ſtruck thereon ; ſo the Point c, Fig. A. C 
is the Center of Pertuſſion, as being directly againſt a, the Center of the Body 
or Mallet 5 c, whoſe Line of Direction is þ 4. 5 | f 

Ir is to be obſerved here, as in the preceding Powers, that the greateſt Force is 
made, when the ſtriking Body falls perpendicular upon the upper Surface of the 
Wedge, as the Mallet ö c, on the Wedge /, in the Body d, Fig. A D, whoſe 
Line of Direction is « d. 3 1375 3 

To underſtand the Power of the Wedge, which is ſuppoſed to be right. angled, 
ay a b c, Fig, X, the Length of its Baſe q c, and of its p eodicular Ned bas 
muſt be known; for as the perpendicular Height & a, equal to 2, is to the Baſe 
bc, equal to 4, ſo is a Force equal to 10 1 to 20, the Weight it will 
raiſe; and therefore the longer. the Baſe is, with reſpect to the Height, the leſſer 
is the Power required; and the ſhorter the Baſe is, the greater the Power mult be. 
For ſuppoſing the Triangle c e g to be a Wedge of equal Weight with a 6 e, 
whoſe Baſe cg is equal to 3; then as 2 is to 3, ſo is 10, the aforeſaid Power, 
applied to 15, which is 5 leſs than 20, the Weg raiſed with the ſame Power 
by the Wedge à J c; and therefore to raiſe a Weight of 20 Pounds with the 

edge cg e, the Power muſt be increaſed to 13 Pounds 3: for as 2 is to 3, ſo 
is 13 + to 20. But note, That in all theſe Calculations, it is ſuppoſed, that 

there is no Obſtruction by Friction, but that the Surfaces of Planes, Wedges, c. 
are perfectly ſmooth. Bodies may be raiſed by the Means of one Wedge, as the 
; Body d unto e, by the Wedge a b c, Fig. Z, if there be a reſiſting Body, as f gs 
that will admit the Wedge a b c, to + don the Line bg to; or when two 

Wedges mutually reſiſt the Weight of the Body to be raiſed, as a bc, and ce /,. 
Fig. d ; which being equally driven by each other's Sides, will raiſe the Body, O 
unto the Line ae. 7 end 0 WI Th „ 

To raiſe a Body from the Ground, as ah bg, Fig. N, by Means of the Wedge 
fe, is the ſame Thing as to ſplit a Body aſunder, as V, by the Wedge Y d, for 
if the adhering of the Parts of the Body together, which are to be fliſunited by 
the Wedge, be conſidered as Weight, the Power in both Caſes muſt be equal; 
and the Force with which a Wedge will ſo lift a Weight, or difunite the Parts of 
2 Body, by a Blow upon its End, will bear the ſame Proportion to the Force 
wherewith the Blow would act on the Weight, if directly applied to it, as the 
Velocity which the Wedge receives from the Blow bears to the Velocity where- 
with the Weight is lifted, or the Parts of the Body diſunited by the 13 / 

. Bopiss may be equipoiſed on an inclined Plane, as the Body e, Fig. P, Plate 
LXXVII. by a Weight of leſs Force, as the Body a, provided that the Body a 
be to the Body c, as the perpendicular Height of the inclined Plaue is to its 
Hypothenuſe. | | | = 

| | "LECTURE: 

** | Of the Screw. | f , 

| 4+ H IS Power is. nothing more than a Wedge, or an inelined Plane, fixed 
about the Body of a Cylinder, as Fig. A B, Plate LXXVII; or it may be 

conſidered as a Cylinder cut into continued inclined concave Surfaces, as s t, ww v, 


y x, bounded by divers circumvolving Helixes or Threads, as e d, & b, ol, z gf 
c. N Bo & | 


Lun Screw is applied in two different Manners ; as,- firſt, to work in a hollow 
Screw, which is called the Female Screw. or Nut, fixed in ſome particular Manner, 
as the Nature of the Occaſion requires; and ſometimes to the Teeth of a Wheel, 
as to the Spindle of the Flyers of a Kitchen Jack, &c, ps 

| Lug Force of a Screw is according to the Angle that the Helix or Thread 

-makes.with the Baſe of the Cylinder; for, as it is really a Wedge, therefore the 
more acute the Aſcent of the Thread is, the leſs Power is required to raiſe a Body. 


For, as the Height ef the Thread on one half Revolution, is to the Semi- circum- 


Cc ference 


Arch n h. In the raiſing of a Weight by one or more under Pul 
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ference of the Cylinder's Baſe, ſo is the Power to the Weight; becauſe the Height 
of the Thread is conſidered as the Height of a Wedge; and the Semi-circumference 


of the Cylinder's Baſe, as the Baſe of a Wedge : and as this Power is worked by 
Leaver of the ſecond Kind, it may be made of ge cr cli ane Suppoſe a 
nches, 


Screw of 7 Inches Diameter, whoſe Circumference is 22 have its Thread to 


riſe 1 Inch in half a Revolution, then the Power of ſuch a Screw will be as 1, the 


Height of the half Revolution of the Thread, is to 11, the half Circumference of 
the Cylinder; ſo will the Power be to the Weight it will equipoiſe. And if a 

Lever of 10 Feet in Length have its End put into the Cylinder of the Screw, ſo 
as to be juſt at the Axis of the Screw, which is done by putting 3 Inches and a half 
ef the Lever into the Cylinder, then the Axis of the ew dil be the Fuler um 
of the Lever, and the Outſide of the Cylinder will be the Weight to be remo ved. 
Now as the remaining Length of the Lever, viz. 9 Feet, 8 Inches, and a 
half, equal to 116 Inches, contains 3 Inches and a half, the Diſtance of the Weight 
from the Fulcrum, 3 333 and } ; therefore the Power of the Lever only is 
as f is to 33 and 3. Now ſuppoſe a Man's Strength to be equal to 100 Pounds, 


then as 1 is to 33 and }, ſo is 100 to 33004; and as the Force of the Screw is 


61 is to 11, ſo is 33004, the Power applied on the Screw by the Lever, to 


13, 301 Pounds 4, its Equipoiſe; which, by a ſmall additional Power continued, 


may be raiſed to the Height of the Screw. 


LECTURE X. 
Of the Voloeities with which Bodies are raiſed, and the Spaces through which they and. 


their Powers move. 


HAT any Engine gains in Power, it loſes in Space: In the Lever, Fig-- 
W, Plate LXX VI. if  r be double to r , the Ends being moved down 
to t, muſt move with twice the Velocity that the Endp will do, in moving to g, 
and the Arch p 9 will be but half the Arch « z. 

Tus ſame is alſo to be obſerved in the Lever ar, of the ſecond Kind, Fig. X; 
for in raiſing its End r to g, the Body at m n, removed to c 6, the End ir will 
move with double the Velocity of the Body mn, for the Arch g is double the 

| : 335 the Space 
through which the Power muſt paſs, is to the Space through which the Weight 
muſt riſe, as the Power is to the Weight; ſo in Fig. F, Plate LXXVII. as 1, the 
Power at x, is to 6, the Weight at W, ſo is 1 to 6, the Space through which the 
Power muſt paſs; and therefore to raiſe the Body W, 1 Foot in Height, the 


' Power x muſt deſcend 6 Feet, and conſequently muſt move with 6 times the Velo- 


city of that of the Weight. 

Tun like is alſo in the Wheel and its Axis; for to cauſe 1 Revolution of the 
greateſt Wheel a, on which the Body r is fixed, the little Wheel c muſt make 
42 Revolutions; and if the Diameter of the Cylinder p be 2 Feet, the Weight 
will be raiſed 6 Feet 5. But as the Diameter of the ſmall Wheel c is 5 Feet, 
the Power 9, equal to 1 Pound, muſt paſs through a Space equal to 42 times 15 
Feet q, its own circumference, equal to 660 Feet; or ſo much Rope muſt be dan 
at 9 from off the Wheel c. T1 

As I have already noted, that the more acute the Angle of a Wedge is made, 
the leſs Force is required; therefore whatever is gained in Force by the Acuteneſs 
of the Wedge, ſo much is loft in Space or Time; becauſe the more acute a Wedge 
be made, -the greater Length the Wedge muſt be, to riſe equal in Height with 
another Wedge, whoſe Angle is leſs acute; and, in the aforeſaid Example of the 
Wedge and Lever, the Power muſt revolve 30 times in a Circle of 20 Feet Dia- 
meter, whoſe Circumference is 62 Feet F, to raiſe the Weight 5 Feet in Height, 
which Space is equal to 1885 Feet, J. [ Dp 


PART VII. 


Of HyDzos TaATIECNKS. 


HE Word Hydroftatichs is derived from Yup Water, and yer the Science 
of Weight, from gario to weigh. As to fully illuſtrate this Science in every 
of its Particulars, 'would not our nel this Volume much beyond its intended. 
Bulk, but would contain many 
Workmen, for whom this Work is deſigned, I ſhall therefore only ſpeak of ſuch 
Parts as are abſolutely neceſſary to be underſtood by Workmen in general. 
> we proceed to this Subject, I muſt firſt explain the Nature and Proper- 
ties of Air. : : > 
Ars is an inviſible fluid Subſtance, which not only environs the whole Globe 
of Earth and Water, but is alſo contained in the Interitices or Pores of all Bodies. 
Its principal Properties are Fluidity, Tranſparency, Rarefication, Condenſation, Ela- 
flicity, and Weight or Gravity. | 
Tuar Air is a Fluid, is evident by its yielding to every Force; that tis tranſ- 
parent, is evident to every Eye; that it may be rarefied, is evident by the Expe- 
riment of an 1 Bladder tied cloſe at its Neck, and laid before a Fire, which 
will ſo rarefy the little incloſed Air as to make it extend the Bladder to its ut- 
moſt Stretch, and at laſt break through it, with a Report equal ta a Gun. And 
by Computation it is proved, that the Air at 7 Miles Altitude from the Earth is 4 
times rarer or thinner than at the Surface ; at 14 Miles Altitude 16 times rarer ; 
at 21 Miles 64 times; at 28 Miles 256; at 35 Miles 1024 times; at 750 Miles 
about 1,000,000 ; and ſo on in a geometrical Proportion of Rarity, compared 
with the arithmetical Proportion of its Altitude. Yide Sir //ſaac Newton's 
Opticks, Page 342- | 58 | 6 . | 
r various Experiments it hath been proved, that Air may be fo condenſed as 
to take up but Part of the Space it poſſeſſed before; and Mr. Boyle found its 
Spring or Elaſticity ſo great, as to dilate or expand itſelf ſo as to take up 13,769 
times a greater Space than before. This Power of Elaſticity is according to its 
Denſity, and its Denſity is found by Experiments to be equal to its Compreſ- 
ſion. | 5 | 
Tux Weight or Gravity of the Air has been T by divers Experiments of 
the Air-pump, and Barometer; and *tis found xhat · a cubical Foot of Air at the 
Earth's N is 830 times lighter than a Cube Foot of River Water, and 
therefore its Weight is ſomething more than x Ounce and 4444 ; but the 
Weight of a Column of the Atmoſphere, on a ſquare Foot of the Earth's Sur- 
face when the Air is the heavieſt, ia found to be equal to 2259 Pounds Avoir- 
dupoiſe (at which Time the Mercury will rife to 31 Inches), which is 15 Pounds 
and 11 Ounces on every ſquare Inch. But when the Air is lighteſt, ſo that the 
Mercury is raiſed but to 28 Inches, then the Weight of the Atmoſphere on every 
ſquare Foot is but 2025 Pounds, and on every ſquare Inch 14 Pounds and 1 


Ounce. ä 


iculars which are not immediately uſeful to 


Tus greateſt Extent of that Part of the Air which is called A, Ga: 


the Surface of the Earth and Seas, is about 45 Miles in Height. 'The Weight 
of the Air is greater, the nearer it is to the Earth's Surface, which is cauſed by 


the great Weight of the Air next above it. 
og Ce3: 1 To 
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Immerſe the open End in a ſmall Baſon of Quickſilver; and then, 
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To find the Weight of a- Pillar of the Atmoſphere. 
Tart a glaſs Tube, of about 3 Fa in Len A and about 4 or of an 
Inch in Diameter, hermetically ſealed at one End : fill it full of N 
holding the 
Tube perpendicular, the Quickſilver within the Tube will ſubſide or run out into 
the Baſon, until it be ſuſpended at ſome Height above 28 Inches perpendicular 


Height. | 
Tas Reaſon why the 1 will be ſo ſuſpended, is, that the ba of the 


Tube being ſealed, the Preſſure of the Pillar of the Atmeſphere, perpendicularly 


over the Top of the Tube, is made on the Top of the Tube only, and not on 
any Part of the i cage within it; and if it be conſidered, that every Part of 
the Quickſilver's Surface, in the Baſon about the Tube, equal to the Baſe of the 
Tube, is preſſed by the ſame Weight of Air as that on the Top of the Tube, 
*tis evident that the Prefſure of any one of thoſe Parts is equal to the Weight of 
the Quickſilver preſſing on its own Baſe ;' therefore the * cannot deſcend 
lower; and therefore the Weight of the Quickſilver in the Tube is equal to the 
Weight of a Pillar of the Atmoſphere of its own Diameter. 5 

On this Principle depends the raiſing of Water out of Wells, by the Help of a 
common Pump. 8 . 

In Page 24 may be ſeen, that a Cube Foot of Quickſilver weighs 874 Pounds 


| 15 and a Cube Foot of River Water 62 Pounds ; therefore Quickſilver is 
0 


mething more than 14 times heavier than River Water; and therefore, in a re- 
eurved Tube placed with the Ends upwards and open, 1 Inch of Quickſilver 
will keep in Equilibrio 14 Inches of Water. | 

Now to find how high Well Water can be raiſed by a Pump in any Place, 
obſerve how many Inches the Quickſilver will riſe in the Tube as aforeſaid ; and 
ſo many times 14 Inches Water may be raiſed by a Pump, becauſe every 14 
Inches Height of Water is but the Equipoiſe of an Inch of Quickſilver. There- 
fore when a Pillar of the Atmdſphere is equipoiſed by a Pillar of Quickſilver, . 
whoſe Height is 70 Inches, to equipoiſe a like Pillar of the Atmoſphere with a 
Pillar of Water of the fame Baſe, its Altitude muſt be 35 Feet, which is zo times 
14 Inches, and which is generally the greateſt Height that Water can be made to 
rite by the Help of a Pump. | | | ww 

Taz Aatlia, or common Pump, Fig. Q, Plate LXXVII. is a Machine of a 
very long Date, which is ſaid to be the Invention of Cteſebes, a Mathematician 


.of Alexandria, about 120 Years before Chriff. This Machine made of Lead 


conſiſts of a ſucking Pipe, as o p, ſoldered to the Bottom of a larger Pipe or 
Barrel, as at n m, but, being made of Wood, is no more than a common Pipe, 
open at both Ends; but, be it made either of Lead or Wood, at a proper 
Diſtance below its Top, as at /n, is placed a Valve as /, which opens upwards ; 
within the upper Part of the Barrel is fitted a Pifton or Bucket, asg, juſt as big as 
the Bore of the Barrel, in which alſo is a Valve, that opens upwards. To this 
Piſton or Bucket is fixed an Iron Rod, as c h, which by a Pin is fixed to the End 
of the Handle ef; but as thereby the Rod is drawn out of a Perpendicular, tho? 
there may be a Joint in the Rod near the Piſton, the Power muſt be greater than 
was the Rod to riſe up and down ndicularly, which may be eaſily effected 
by the Arch 3 4, fixed to the upper Part of the Handle, and by two Chains fixed 
from a to d, and from e to h, which will riſe up and force down the Piſton truly 
perpendicular, and with the leaſt Friction. | | » l 
Now the Manner of the Pump's Performance is eaſily underſtood; for when 
the Piſton is forced down towards n, and a Quantity of Water poured in at the 
Top, the 2 Valves being then ſhut, and the external Air being ſeparated from 
that within the ſucking Pipe op, whoſe End p is before immerſed in Water, 
therefore as ſoon as the Piſton with the Water poured on it is raiſed, the Air 
within the ſucking Pipe by the Force of the Atmoſphere on the Surface of the 


Water in the Well is puſhed up through the Valve at J, and fills that Part of 


the 
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the Barrel, in which the Piſton aſcended, at which Inſtant the Valve at / is ſhut. 
Now as much Air as is contained between the Valve at = m, and the Bottom of 
the Piſton, ſo much Water at the ſame Inſtant aſcended at the lower Part of the 
| ſucking Pipe. The Piſton being again forced down the Barrel towards n m, the 
confined Air under it is * force open the Valve at g, as the Piſton 
deſcends ; and it being lighter than the Water, is by the Water puſhed up into 
the external Air, and the Valve of the Piſton is inſtantly ſhut. Then the Piſton 
being raiſed, the Air ſucceeds, and the Water below aſcends after the Air, by the 
Preſſure of the Atmoſphere aforeſaid ; and ſo by a few Repetitions the whole Air 
is pumped out, and the ſucking Pipe and Barrel filed with Water. ; 
Now to raiſe the Water as the Piſton is forced down the Barrel, the Valre at 
n m being then ſhut, the Water under the Piſton, as before was ſaid of the Air, 
in that Part is compelled to open the, Valve 'of the Piſton, and admit the Piſton 
to deſcend into it, which Valve is ſhut the very Inſtant that the Piſton is down 3 
and then the Piſton being raiſed as its Valve is then ſhut, that Water cannot return 
back, and is therefore lifted up by the Piſton, in the upper Part of the Barrel, ſo 
as to be received at the Spont ij, and at the. ſame. Time the Valve at = m is forced 
open by the aſcending Water in the Pipe o þ ; and the lower. Part of the Barrel 
being again filled, the Valve at = m ſhuts, and retains it for the next Deſcent of the 
Piſton ; and thus the Action of the Pump may be continued in raiſing Water at 
MDT Tn. | 35 | RI 
7 Tus Syphon or Crane, a b, Fig. R, Plate LXXVII. is nothing more than a 
recurved or bended Pipe, having one Side longer than the other. And as the 
aſcending Liquid is forced up into the ſhorter Side (the Air being firſt exhauſted), 
by the Preflure of the -Atmoſphere as before in the Pump, therefore Me 5 
will run from one Veſſel to another by the Means of this Inſtrument, provided 
that the Bend of the Syphon is not more than 30 or 31 Inches above the Surface 
of the Mercury, and Water, or Wine, if the Height of the Bend doth not 
exceed 35 Feet; but in both theſe Caſes the Mouth of the deſcending Tube muſt 
be ſomething lower than the Surface. of the Mercury, or Water, into which the 
ſhort Tube is immerſed ; for if the deſcending Tube be equal to the aſcending 
Tube, the Fluid will remain in the Syphon, unleſs ſome external Cauſe more 
than the Air force it out ; becauſe the W eight of the Fluid on both Sides is 
equal, By this Method, Water may be carried over Hills, as expreſſed in Fig. V, 
Plate LXXVII. if their perpendicular Height above the Surface of the Water, as 
g r, be leſs than 35 Feet. 1 = 7 | 
By the Preſſure of the Atmoſphere it is, that Mercury will aſcend to the ſame - 
Altitude in all Kinds of Veſſels, and in any Situation, as is ſhewn in Fig. 8, Plate 
LXXVII. provided that their upper Parts be * cloſe, ſo as not to admit 
any Air to enter in; and by the Preſſure of the Atmoſphere it is, that Water in 
Reſervoirs is forced to enter the Conduit-Pipes for conveying of Water to a 


Fountain, c. that is below the Horizon or Level of the Rabies, be the Diſtanee 
ever ſo great. | EINE 
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BOOKS on Architecture, oro. 
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Architectural Library, No. 56, High Holborn, London. 


I. DLANS, Elevations, and Sefliqns, of Buildings, executed in the Counties of 
Norfolk, Suffolk, Yorkſhire, Wiltſhire, Warwickſhire, Staffordſhire, Semer- 
ſetſhire, &. By Fohn Saane, Architect, Member of the Royal Academies of 
Parma and Florence. Dedicated with Permiſſion to the King. On forty- ſeven 
Folio Plates. Price, on Royal Paper, al. 2s. ; on Imperial Paper, zl. 1 28. 6d. 
IT. Plans, El:vations, and Section, of the * Correction for the County of 
Middleſex, to be erected in Cold Bath Fields, London; together with the Parti- 
cular of the ſeveral Materials to be contracted for, and Manner of uſing the ſame 
in buildin „ . , Jos 
N. B. This Work is engraved from the original Deſigns, and publiſhed with 
the Authority of the Magiſtrates, by Charles Afiddleon, Archited, engraved on 
53 Plates, Imperial Folio, Price zl. 128. 6d, half bound. N | 
III. The Cabinet-mater and Uphoiterer's Guide; or Repoſitory of Deſigns for 
Article of Houſehold Furniture, in the neweſt 2 — bk: 
diſplaying a great Variety of Patterns for Chairs, . Stools, Sofas, Confidante, 
* Ducheſle, Side Boards, Pedeſtals and Vaſes, Cellerets, Knife Caſes, Deſk and Book 
Caſes, Secretary and Book Caſes, Library Caſes, Library Tables, Reading Deſks, 
Cheſts of Drawers, Urn Stands, Tea Caddies, Tea Trays, Card Tables, Pier 
Tables, Pembroke Tables, Tambour Tables, Dreſſing Glaſſes, Dreſſing Tables 
and Drawers, Commodes, Rudd's Table, Bidets, Night Tables, Baſon Stands, 
Wardrobes, Pot Cupboards, Brackets, Hanging Shelves, Fire Screens, Beds, 
Field Beds, Sweep Tops for ditto, Bed Pillars, Candle Stands, Lamps, Pier 
Glaſſes, Terms for Buſts, Cornices for Library Caſes, Wardrobes, &c. at la 
ornamented Tops for Pier Tables, Pembroke Tables, Commodes, &c. &c. ag 
33 and moſt enriched Styles, with a Scale to each, and an Explanation in 
etter-preſs. Alſo the Plan of a Room, ſhewing the proper Diſtribution of the 
Furniture. The whole exhibiting near three hundred different Deſigns, engraved + 
on one hundred and twenty-ſix Falio Plates; from Drawings by A. Heppehuhite, ' 
Co. Cabinet-makers, 21. 2s. bound. 7 | ; 

IV. The Builder's Price Book ; containing a correct Liſt of the Prices allowed 
by the moſt eminent Surveyors in London to the ſeveral Artificers concerned in 
building; including the Journeymen's Prices. A new Edition, correQted, with 
great Additions, by an experienced Surveyor, 28. Gd. ſewed. 

V. Familiar Architecture; conſiſting of original Deſigns of Houſes for Gentle- 
men and Tradeſmen, Parſonages and Summer Retreats ; with Back-fronts, Sec- 
tions, &c. together with Banqueting-Rooms, and Churches. To which is added, 
the Maſonry of the Semi-circular and Elliptical Arches, with practical Remarks. 
on _ late Thomas Rawlins, Architect. On fifty-one Plates, Royal Quarta. 

ce II. 18. | : 1 

VI. Cruden's Convenient and Ornamental Architecture; conſiſting of original De- 
ſigns for Plans, Elevations, and Sections, beginning with the Farm-houſe, and 
regularly aſcending to the moſt grand and magnificent Villa; calculated both for 
Town and Country, and to ſuit all Perſons in every Station of Life ; with a Refer- 
ence, and Explanation, in Letter-preſs, of the Uſe of every Room in each ſeparate 
Building, and the Dimenſions accurately figured on the Plans, with exact Scales 
for the urement ; elegantly — on ſeventy Copper- plates, * 
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'BOOKS printed for I. d J. TAYLOR. 


VII. The Country Gentleman's Arebiteꝭ, in a great Variety of new Deũgns for | 
Cottages, Farm-houſes, - Co houſes, Villas, Lodges for Park or Garden 
Entrauces, and ornamental n Gates; with Plans of the Offices belonging 


to each Deſign, diſtributed with a tri Attention to Convenience, Elegance, 


and Economy. * yn on thirty-two Quarto Plates, from Deſigns drawn by 


J. Miller, Architect, 108. 6d. ſewed. . 


VIII. Dr. Brook Taylor's Method of Perſpedive mad: ea) both in Theory and 
rt 


Practice; in two Books; being an Attempt to make the of Perſpective eaſy 
and familiar, to adapt it entirely to the Arts of Deſign, and to make an entertain - 
ing Study to any Gentleman who ſhall chooſe ſo polite an Amuſement. By Jg 
HK, eſigner in Perſpective to his Majeſty, and Fellow of the Royal and An- 
tiquarian Societies. Illuſtrated with thirty-five Copper - plates, correctly engraved 
under the Author's Inſpection. The third Edition, with ſeveral Additions and 
Improvements. Elegantly printed on Imperial Paper, 11. 16s. half bound. 
IX. The ſame Work in two Volumes Quarto „ 8 

X. The Perspective of Art hitettùre, a Work entirely new : deduced from the 
Principles of Dr. Brook Taylor, and performed by two Rules of univerſal Appli- 
cation : illuſtrated with ſeventy - three Plates, — by Command of his preſent 
Majeſty when Prince of Wales. By 7e/bua Kirby, Deſigner in Perſpective to 
his Majeſty, and Fellow of the Royal and Antiquarian Societies. Elegantly 
printed on Imperial Paper, 11. 16s. bound. 2 

XI. The Deſcription and Uſe of a new Inſtrument called the ArchiteHonic Soctor, 
by which any Part of Architecture may be drawn with Facility and Exactneſs. 
By 72 irby; Deſigner in Perſpective to his Majeſty, an Fellow of the 


Royal and Antiquarian Societies. Illuſtrated with twenty-five Plates. Elegantly 


printed on Imperial Paper, 11. 18. half bound. 


XII. The tert and Joiner Repoſitory; or, a new Syſtem of Lines and 
15 e ae for finiſhj- | 


Proportions for rs, Windows, Chimneys, Cornices and 
ing of Rooms, &c. &c. A great Variety of Stair-caſes, on a Plan entirely new, 


168. bound. 


XIII. Pain's Britiſh Palladio, or the Builder's General Aſſiſtant ; demonſtrating, 


in the moſt eaſy and practical Method, all the principal Rules of Architecture, 
from the ground Plan to the ornamental Finiſh. Illukrated with ſeveral new and 
uſeful De gns of Houſes, with their Plans, Elevations, and Sections. Alſo clear 
and ample 
Ra Materials and Labour, and Labour only. This Work will be univerſally 
uſeful to all Carpenters, Bricklayers, Maſons, Joiners, Plaiſterers, and others, con- 
cerned in the ſeveral Branches of Building, &c. com de. the following Sub- 


jects, viz. Plans, Elevations, and Sections of Gentlemen's Houſes, Deſigns for 


oors, Chimneys, and Ceilings, with their proper Embelliſhments, in the moſt. 


modern Tafte. A great Variety of Mouldings, tor baſe and ſurbaſe Architraves, 
—_— Friezes, and Cornices, with their proper Ornaments for Practice, drawn 
to half-ſize : to which are added, Scales for enlarging or leſſening at pleaſure, if 
required. The whole correctly engraved on forty- two folio Copper-plates, from 
the original Deſigns of William and James Pain. Price 168. bound. This is 
PAIN's laſt Work. 8 i | 
XIV. The Pra ical Builder, or Workman's General Aſſiſtant ; ſhewing the 
moſt approvedand eaſy Method of drawing and working the whole or ſeparate 
Part ef any Building; as, the Uſe of the Tramel for Groins, Angle Brackets, 
Niches, &c. ſemi-circular Arches on flewing Jambs, the preparing and making 
their Soffits ; Rules of Carpentry, to find the Length and Backiog of ſtraight 


er curved Hips, Truſſes for Roofs, Domes, &c. truſſing of Girders, Section of 
Floors, &. The Proportion of the five Orders in their general and 1 | 


Parts; glueing of Columns, Stair-caſes, with their Ramp and twiſted Rai fix- 


nſtructions annexed to each Subject, in Letter-preſs ; with a Liſt of 


1 


— 


and eaſy to be underſtood. Circular circular Soffits,' flewing and ner in 
ſtraight and circular Walls, Groins, Angle - brackets, circular and elliptical Sy- 
hts, and the Method of ſquaring and preparing their circular Bars, Shop- 
ronts, &c. By W. Pain, Joiner. Engraved on ſixty-nine Folio Copper- plates, 


* — 
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ing their Carziages, Newels, &c. Frontiſpieces, Chimney-pirtes, Ceilings, 
; NN Abit, 15 the neweſt Taſte; with Plane Ay El-oations of 
Gentlemen's and Farm Houſes, Barng, &c. By W. Pain, Architect and Joiner. 
| Engraved on eighty-three Quarto Plates, 128, bound. A new Edition, with 
Improvements by the Author. | nn US ny Boat . 
XV. The Carpenter's Pocket Directory] containing the beſt Methods of framing 

Timbers of all Figures and . Dimenſions, with their | ſeveral Parts; as Floors, 
Roofs in Ledgments,. their Length and Backings; truſſed Roofs, Spires and 
Domes ; Trufling-girders, Partitions, and Bridges, with Abutments ; Center- 
ing for Arches, . Vaults, &e. cutting Stone Ceili Groins, ei with their 


- 


* 


Moulds ; Centres for drawing Gothic Arches, Ellipfes, &c. with the Plan and 


Sections of a Barn. Engraved on twenty-four Plates, with Explanations, form- 
ing the moſt complete and uſeful Work of the Kind yet publiſhed. By V. Pain, 
Architect and Carpenter, 4s. bound. _ - e end ene 
XVI. Defigns in Architeure ; conſiſting of Plans, Elevations, and Sections, for 
Temples, Baths, Caſſines, Pavilions, Garden-ſeats, Obeliſks, and other rang : 
for decorating Pleaſure Grounds, Parks, Foreſts, &c. &. By Fobn Soane, En- 
graved on thirty-eight Copper-plates, Imperial Octavo, 686. ſewed. * 7, 
XVII. An 22 '# 3 and Building of Chimneys, including an 
Enquiry into the common Cauſes of their ſmoking, and the moſt effectual Re- 
medies for removing ſo intolerable a Nuiſance ; with a Lable to proportion Chim- 
neys to the Size of the Room. Illuſtrated with proper Figures. A new Edition. 
By Robert Clavering, Builder, 28. 6d. ſewed. © ano 5 
XVIII. Elrvation of the new Bridge at Blackfriars, with Plans of the Founda- 
tion and Superſtructure, by R. Baldwix, 12 Inches by 48 Inches, 8. 
„XIX. Plans, Elevations, and Seftions of the Machines and Centering, uſed in 
erecting Blackfriars. Bridge; drawn and engraved. by R. Baldguin, Clerk of the 
Work; on ſeven large Plates, with Explanations in French and Engliſh. Price 
108. 6d. or, with the Elevation, I58. 8 . 25 
XX. Plans, Elevations, and Seftions of the Gaol, Bridewell, and Sheriff 'a Ward, 
lately built at Bodmin, ip the County of Cornwall, by ohn Call, Eſq. upon the 
Plan recommended by John Howard, Eſq. On a large Sheet. Price 28 5 
XXI. The Principles „r Ornaments made eaſy, by proper Examples of 
Leaves for Mouldings, Capitals, Scrolls, Huſks, Foliage, &c. engraved in Imita- 
tion of Drawings, on ſixteen Plates, with Inſtructions for learning withouf a 
Maſter. Particularly uſeful to Carvers, Cabinet-makers, Stucco-workers, Painters, 
e every one concerned in ornamental Decorations. By an Artiſt. Quarto, 
6 . ed. FO - i N 
XXII. Ornamental Iron Work ; or Deſigns in the preſent Laſte, for Fan- lights, 
Stair-caſe Railing, Window Guard - irons, Lamp-irons, Paliſades, and Gates; 
with a Scheme for adjuſting Deſigns with Facility and Aecuracy to any Slope. 
Engraved on 21 Plates, Quarto, 6s. ſewed. . 1 240 E 
XXIII. The Building Ad of the 14th of Geo. III. with Plates, ſhewing the 
roper Thickneſs of Party Walls, External Walls, and Chimneys. A complete 
ndex, Liſt of Surveyors and their Refidence, &c. In a ſmall pocket Size, 28. 6d. 
ſewed. — | „ 
XXIV. The Rudiments of Ancient Architefure ; in two Parts; containing an 


Hiftorical Account of the five Orders, with their Proportion, and Examples of a | 


each from the Antiques: Alſo, Fitruvius on the Temples and Intercolummations, . 

Kc. of the Ancients ; calculated for the Uſe of thoſe who wiſh.to attain a ſum- 

mary Knowledge of the Science of Architecture; with a Dictionary of Terms. 

Illuſtrated with ten Plates, and a Portrait of the celebrated James Stuart, Eſq. 
Pgice, in Boards, 58. G 718. N 
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